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(57) Abstract 

Disclosed arc 23 genes, termed "GEP" genes, found in streptococcus pneumonia, which are located within operons that are essential 
for survival Also disclosed is a related essential gene found in Bacillus subtills. These genes and the polypeptides that they encode, as 
well as homologs thereof, can be used to identify antibacterial agents for treating bacterial infections such as streptococcal pneumonia. 
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ESSENTIAL BACTERIAL GENES AND THEIR USE 

Background of the Invention 
The invention relates to essential bacterial genes and their use in identifying 
antibacterial agents. 
5 Bacterial infections may be cutaneous, subcutaneous, or systemic. 

Opportunistic bacterial infections proliferate, especially in patients afflicted with 
AIDS or other diseases that compromise the immune system. The bacterium 
Streptococcus pneumonia typically infects the respiratory tract and can cause lobar 
pneumonia, as well as meningitis, sinusitis, and other infections. 

10 Summary of the Invention 

The invention is based on the discovery of 23 genes in the bacterium 
Streptococcus pneumoniae, and a related gene in the bacterium Bacillus subtilis^ 
that are located within operons that are essential for survival. These 23 
Streptococcus genes are referred to herein as "GEP genes" (which stands for 

15 general essential protein); for convenience, the polypeptides encoded by these genes 
are referred to herein as "GEP polypeptides." Each GEP gene is located within an 
operon that contains a gene that is essential for survival of Streptococcus 
pneumoniae; the essential gene can be the GEP gene or another gene located within 
the same operon. Bacterial operons contain several genes that are related, e.g., 

20 with respect to function or biochemical pathway. Transcription of an operon leads 
to the production of a single transcript in which multiple coding regions are linked. 
Thus, an operon containing one or more essential genes can be considered an 
"essential operon," since disruption of expression of one gene located within the 
operon will interfere with expression of the other genes in the operon. Each coding 

25 region of the transcript is separately translated into an individual polypeptide by 
ribosomes that initiate translation at multiple points along the transcript. Having 
identified one gene in the operon, one can readily identify and sequence the other 
genes located within the operon. 
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The genes encoding the GEP polypeptides are useful molecular tools for 
identifying similar genes in pathogenic microorganisms, such as pathogenic strains 
of Bacillus, In addition, the operons containing genes encoding GEP polypeptides, 
and the polypeptides encoded by such operons, are useful targets for identifying 
5 compounds that are inhibitors of the pathogens in which the GEP polypeptides are 
expressed. Such inhibitors inhibit bacterial growth by being bacteriostatic (e.g., 
inhibiting reproduction or cell division) or by being bacteriocidal (i.e., by causing 
cell death). 

The invention, therefore, features an isolated polypeptide encoded by a 

10 nucleic acid located within an operon encoding a GEP polypeptide, termed gepl03, 
having the amino acid sequence set forth in SEQ ID N0:1, or conservative 
variations thereof. An isolated operon comprising a nucleic acid encoding gepl03 
also is included within the invention. In addition, the invention includes an 
isolated nucleic acid of (a) an operon comprising the sequence of SEQ ID N0:2, as 

15 depicted in Fig. 1, or degenerate variants thereof; (b) an operon comprising the 
sequence of SEQ ID NO:2, or degenerate variants thereof, wherein T is replaced by 
U; (c) nucleic acids complementary to (a) and (b); and (d) fragments of (a), (b), 
and (c) that are at least 15 base pairs in length and that hybridize under stringent 
conditions to genomic DNA encoding the polypeptide of SEQ ID NO:l. As 

20 described above for geplOS, other nucleic acids and polypeptides encoded by 
nucleic acids located within operons encoding GEP polypeptides are included 
within the invention, including: (a) operons comprising the nucleic acids 
represented by the SEQ ID NOs. hsted below, as depicted in the Figures listed 
below, or degenerate variants thereof; (b) operons comprising the nucleic acids 

25 represented by the SEQ ID NOs. listed below, wherein T is replaced by U; 

(c) nucleic acids complementary to (a) and (b); and (d) fragments of (a), (b), and 
(c) that are at least 15 base pairs in length and that hybridize under stringent 
conditions to genomic DNA encoding the polypeptides represented by the SEQ ID 
NOs. listed below. 
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Table 1 : GEP nucleic acids and polypeptides 
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The invention also includes allelic variants (i.e., genes encoding isozymes) 
of the genes located within operons encoding the GEP polypeptides listed above. 
5 For example, the invention includes a gene that encodes a GEP polypeptide but 
v^hich gene includes one or more point mutations, deletions, promoter variants, or 
splice site variants, provided that the resulting GEP polypeptide functions as a GEP 
polypeptide (e.g., as determined in a conventional complementation assay). 
Identification of these GEP genes and the determination that they are 

10 located v^^ithin operons containing an essential gene allows homologs of the GEP 
genes to be found in other organisms strains of Streptococcus, Also, orthologs of 
these genes can be identified in other species (e.g.. Bacillus sp.). While 
"homologs" are structurally similar genes contained within a species, "orthologs" 
are functionally equivalent genes from other species (within or outside of a given 

15 genus, e.g., from Bacillus subtilis or E, coli). Such homologs and orthologs are 
expected to be located within operons that are essential for survival. Such 
homologous and orthologous genes and polypeptides can be used to identify 
compotmds that inhibit the growth of the host organism (e.g., compounds that are 
bacteriocidal or bacteriostatic against pathogenic strains of the organism). 

20 Homologous and orthologous genes and polypeptides that are essential for survival 
can serve as targets for identifying a broad spectrum of antibacterial agents. 

An ortholog of gepl493, termed B-yneS, has been identified in B, subtilis 
and is essential for survival of B, subtilis. The amino acid sequence (SEQ ID NO: 
70), coding sequence (SEQ ID N0:71), and non-coding sequence (SEQ ID NO:72) 
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of B-yneS is set forth in Fig. 24. As with the other polypeptides and genes 
disclosed herein, the B-yneS polypeptide and gene can be used in the methods 
described herein to identify antibacterial agents. 

The term gepl03 polypeptide or gene as used herein is intended to include 
5 the polypeptide and gene set forth in Fig. 1 herein, as well as homologs of the 
sequences set forth in Fig. 1. Also encompassed by the term gepl03 gene are 
degenerate variants of the nucleic acid sequence set forth in Fig. 1 (SEQ ID N0:2). 
Degenerate variants of a nucleic acid sequence exist because of the degeneracy of 
the amino acid code; thus, those sequences that vary from the sequence represented 

10 by SEQ ID N0:2, but which nonetheless encode a gepl03 polypeptide are included 
within the invention. Likewise, because of the similarity in the structures of amino 
acids, conservative variations (as described herein) can be made in the amino acid 
sequence of the gepl03 polypeptide while retaining the function of the polypeptide 
(e.g., as determined in a conventional complementation assay). Other gepl03 

15 polypeptides and genes identified in additional Streptococcus strains may be such 
conservative variations or degenerate variants of the particular gepl03 polypeptide 
and nucleic acid set forth in Fig. 1 (SEQ ID NOs:l and 2, respectively). The 
gepl03 polypeptide and gene share at least 80%, e.g., 90%, sequence identity with 
SEQ ID NOs:l and 2, respectively. Regardless of the percent sequence identity 

20 between the gepl03 sequence and the sequence represented by SEQ ID NOs:l and 
2, the gepl03 genes and polypeptides encompassed by the invention are able to 
complement for the lack of gepl03 function (e.g., in a temperature-sensitive 
mutant) in a standard complementation assay. Additional gepl03 genes that are 
identified and cloned from additional Streptococcus strains, and pathogenic strains 

25 in particular, can be used to produce gepl03 polypeptides for use in the various 
methods described herein, e.g., for identifying antibacterial agents. Likewise, the 
terms geplll9, gepll22, gepl315, gepl493, gepl507, gepl511, geplSlS, gepl546, 
gepl551, gepl561, gepl580, gepl713, gep222, gep2283, gep273, gep286, gep311, 
gep3262, gep3387, gep47, gep61, and gep76 encompass homologs, conservative 

30 variations, and degenerate variants of the sequences depicted in Figs. 2-23, 
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respectively. Such homologs, conservative variations, and degenerate variants also 
are included within the invention. 

Since the various GEP genes described herein have been identified and 
shown to be located within operons that are essential for survival, the GEP genes 
5 and polypeptides encoded by nucleic acid sequences located within operons 
containing GEP genes and their homologs and orthologs can be used to identify 
antibacterial agents. More specifically, the polypeptides encoded by nucleic acid 
sequences located within operons containing GEP genes can be used, separately or 
together, in assays to identify test compounds that bind to these polypeptides. Such 
10 test compounds are expected to be antibacterial agents, in contrast to compounds 
that do not bind to these GEP polypeptides. As described herein, any of a variety 
of art-known methods can be used to assay for binding of test compounds to the 
polypeptides. The invention includes, for example, a method for identifying an 
antibacterial agent where the method entails: (a) contacting a polypeptide encoded 
15 by a nucleic acid sequence located within an operon containing a GEP gene, or 
homolog or ortholog thereof, with a test compoxmd; (b) detecting binding of the 
test compound to the polypeptide or homolog or ortholog; and (c) determining 
whether a test compound that binds to the polypeptide or homolog or ortholog 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
20 the test compound that binds to the polypeptide or homolog or ortholog, as an 
indication that the test compound is an antibacterial agent. 

In various embodiments, the GEP polypeptide is derived firom a non- 
pathogenic or pathogenic Streptococcus strain, such as Streptococcus pneumoniae, 
Streptococcus pyogenes. Streptococcus agalactiae. Streptococcus endocarditis, 
25 Streptococcus faecium. Streptococcus sangus. Streptococcus viridans, and 

Streptococcus hemolyticus. Suitable orthologs of the Streptococcus GEP genes can 
be derived from the bacterium Bacillus subtilis. The test compound can be 
immobilized on a substrate, and binding of the test compoimd to the polypeptide or 
homolog or ortholog can be detected as inmiobilization of the polypeptide or 
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homolog or ortholog on the immobilized test compound, e.g., in an immunoassay 
with an antibody that specifically binds to the polypeptide. 

If desired, the test compound can be a test polypeptide (e.g., a polypeptide 
having a random or predetermined amino acid sequence; or a naturally-occurring or 

5 synthetic polypeptide). Alternatively, the test compound can be a nucleic acid, 
such as a DNA or RNA molecule. In addition, small organic molecules can be 
tested. The test compound can be a naturally-occurring compound or it can be 
synthetically produced, if desired. Synthetic libraries, chemical libraries, and the 
like can be screened to identify compounds that bind to the polypeptides. More 

10 generally, binding of test compounds to the polypeptide or homolog or ortholog 
can be detected either in vitro or in vivo. Regardless of the source of the test 
compound, the polypeptides described herein can be used to identify compounds 
that are bacterioidal or bacteriostatic to a variety of pathogenic or non-pathogenic 
strains. 

15 In an exemplary method, binding of a test compound to a polypeptide 

encoded by a nucleic acid located within an operon containing a GEP gene can be 
detected in a conventional two-hybrid system for detecting protein/protein 
interactions (e.g., in yeast or mammalian cells). Generally, in such a method, 
(a) the polypeptide encoded by a nucleic acid located within an operon containing a 

20 GEP gene is provided as a fusion protein that includes the polypeptide fused to (i) 
a transcription activation domain of a transcription factor or (ii) a DNA-binding 
domain of a transcription factor; (b) the test polypeptide is provided as a fusion 
protein that includes the test polypeptide fused to (i) a transcription activation 
domain of a transcription factor or (ii) a DNA-binding domain of a transcription 

25 factor; and (c) binding of the test polypeptide to the polypeptide is detected as 
reconstitution of a transcription factor. Homologs and orthologs of the GEP 
polypeptides can be used in similar methods. Reconstitution of the transcription 
factor can be detected, for example, by detecting transcription of a gene that is 
operably linked to a DNA sequence bound by the DNA-binding domain of the 

30 reconstituted transcription factor {See, for example, White, 1996, Proc. Natl. Acad. 
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Sci. 93:10001-10003 and references cited therein and Vidal et al., 1996, Proc. Natl. 
Acad. Sci. 93:10315-10320). 

In an alternative method, an isolated operon containing a nucleic acid 
molecule encoding a GEP polypeptide is used to identify a compound that 

5 decreases the expression of a GEP polypeptide in vivo. Such compounds can be 
used as antibacterial agents. To discover such compounds, cells that express a GEP 
polypeptide are cultured, exposed to a test compound (or a mixture of test 
compounds), and the level of expression or activity is compared with the level of 
GEP polypeptide expression or activity in cells that are otherwise identical but that 

10 have not been exposed to the test compound(s). Many standard quantitative assays 
of gene expression can be utilized in this aspect of the invention. 

To identify compounds that modulate expression of a GEP polypeptide (or 
homologous or orthologous sequence), the test compound(s) can be added at 
varying concentrations to the culture medium of cells that express a GEP 

15 polypeptide (or homolog or ortholog), as described herein. Such test compounds 
can include small molecules (typically, non-protein, non-polysaccharide chemical 
entities), polypeptides, and nucleic acids. The expression of the GEP polypeptide 
is then measured, for example, by Northern blot PGR analysis or RNAse protection 
analyses using a nucleic acid molecule of the invention as a probe. The level of 

20 expression in the presence of the test molecule, compared with the level of 

expression in its absence, will indicate whether or not the test molecule alters the 
expression of the GEP polypeptide. Because the GEP polypeptides are expressed 
from operons that are essential for survival, test compounds that inhibit the 
expression and/or function of the GEP polypeptide will inhibit growth of the cells 

25 or kill the cells. 

Compounds that modulate the expression of the polypeptides of the 
invention can be identified by carrying out the assays described herein and then 
measuring the levels of the GEP polypeptides expressed in the cells, e.g., by 
performing a Western blot analysis using antibodies that bind to a GEP 

30 polypeptide. 



wo 99/33871 



PCT/US98/27918 



-9- 

The invention further features methods of identifying from a large group of 
mutants those strains that have conditional lethal mutations. In general, the gene 
and corresponding gene product are subsequently identified, although the strains 
themselves can be used in screening or diagnostic assays. The mechanism(s) of 
5 action for the identified genes and gene products provide a rational basis for the 
design of antibacterial therapeutic agents. These antibacterial agents reduce the 
action of the gene product in a wild type strain, and therefore are useful in treating 
a subject with that type, or a similarly susceptible type of infection by 
administering the agent to the subject in a pharmaceutically effective amount. 

10 Reduction in the action of the gene product includes competitive inhibition of the 
gene product for the active site of an enzyme or receptor; non-competitive 
inhibition; disrupting an intracellular cascade path which requires the gene product; 
binding to the gene product itself, before or after post-translational processing; and 
acting as a gene product mimetic, thereby down-regulating the activity. 

15 Therapeutic agents include monoclonal antibodies raised against the gene product. 
Furthermore, the presence of the gene sequence in certain cells (e.g., a 
pathogenic bacterium of the same genus or similar species), and the absence or 
divergence of the sequence in host cells can be determined, if desired. Therapeutic 
agents directed toward genes or gene products that are not present in the host have 

20 several advantages, including fewer side effects, and lower overall dosage. 

The invention includes pharmaceutical formulations that include a 
pharmaceutically acceptable excipient and an antibacterial agent identified using the 
methods described herein. In particular, the invention includes pharmaceutical 
formulations that contain antibacterial agents that inhibit the growth of, or kill, 

25 pathogenic Streptococcus strains. Such pharmaceutical formulations can be used 
for treating a Streptococcus infection in an organism. Such a method entails 
administering to the organism a therapeutically effective amount of the 
pharmaceutical formulation. In particular, such pharmaceutical formulations can be 
used to treat streptococcal pneumonia in mammals such as humans and 

30 domesticated mammals (e.g., cows, pigs, dogs, and cats), and in plants. The 
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efficacy of such antibacterial agents in humans can be estimated in an animal 
model system well known to those of skill in the art (e.g., mouse and rabbit model 
systems). 

Also included within the invention are polyclonal and monoclonal antibodies 

5 that specifically bind to the various GEP polypeptides described herein (e.g., 
gepl03). Such antibodies can facilitate detection of GEP polypeptides in various 
Streptococcus strains. These antibodies also are useful for detecting binding of a 
test compound to GEP polypeptides (e.g., using the assays described herein). In 
addition, monoclonal antibodies that bind to GEP polypeptides are themselves 

1 0 adequate antibacterial agents when administered to a mammal, as such monoclonal 
antibodies are expected to impede one or more functions of GEP polypeptides. 

As used herein, "nucleic acids" encompass both RNA and DNA, including 
genomic DNA and synthetic (e.g., chemically synthesized) DNA. The nucleic acid 
can be double-stranded or single-stranded. Where single-stranded, the nucleic acid 

1 5 may be a sense strand or an antisense strand. The nucleic acid may be synthesized 
using oligonucleotide analogs or derivatives (e.g., inosine or phosphorothioate 
nucleotides). Such oligonucleotides can be used, for example, to prepare nucleic 
acids that have altered base-pairing abilities or increased resistance to nucleases. 
An "isolated nucleic acid" is a DNA or RNA that is not immediately 

20 contiguous with both of the coding sequences with which it is immediately 
contiguous (one on the 5' end and one on the 3' end) in the naturally occurring 
genome of the organism from which it is derived. Thus, in one embodiment, an 
isolated nucleic acid includes some or all of the 5' non-coding (e.g., promoter) 
sequences that are immediately contiguous to the coding sequence. The term 

25 therefore includes, for example, a recombinant DNA that is incorporated into a 
vector, into an autonomously replicating plasmid or virus, or into the genomic 
DNA of a prokaryote or eukaryote, or which exists as a separate molecule (e.g., a 
genomic DNA fragment produced by PGR or restriction endonuclease treatment) 
independent of other sequences. It also includes a recombinant DNA that is part of 

30 a hybrid gene encoding an additional polypeptide sequence. The term "isolated" 
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can refer to a nucleic acid or polypeptide that is substantially free of cellular 
material, viral material, or culture medium (when produced by recombinant DNA 
techniques), or chemical precursors or other chemicals (when chemically 
synthesized). Moreover, an "isolated nucleic acid fragment" is a nucleic acid 
5 fragment that is not naturally occurring as a fragment and would not be found in 
the natural state. As used herein, the term "isolated nucleic acid molecule" includes 
an operon containing a contiguous cluster of linked sequences. "Isolated operons" 
are those operons that are not naturally occurring and which are not associated with 
the sequences by which they are normally surrounded in a bacterial genome. 

10 A nucleic acid sequence that is "substantially identical" to a GEP nucleotide 

sequence is at least 80% (e.g., 85%) identical to the nucleotide sequence of the 
nucleic acid sequences represented by the SEQ ID NOs listed in Table 1, as 
depicted in Figs. 1-23. For purposes of comparison of nucleic acids, the length of 
the reference nucleic acid sequence will generally be at least 40 nucleotides, e.g., at 

15 least 60 nucleotides or more nucleotides. Sequence identity can be measured using 
sequence analysis software (e.g.. Sequence Analysis Software Package of the 
Genetics Computer Group, University of Wisconsin Biotechnology Center, 1710 
University Avenue, Madison, WI 53705). 

The GEP polypeptides useful in practicing the invention include, but are not 

20 limited to, recombinant polypeptides and natural polypeptides. Also useful in the 
invention are nucleic acid sequences that encode forms of GEP polypeptides in 
which naturally occurring amino acid sequences are altered or deleted. Preferred 
nucleic acids encode polypeptides that are soluble under normal physiological 
conditions. Also within the invention are nucleic acids encoding fusion proteins in 

25 which a portion of a GEP polypeptide is fiised to an unrelated polypeptide (e.g., a 
marker polypeptide or a fiision partner) to create a fiision protein. For example, 
the polypeptide can be fiised to a hexa-histidine tag to facilitate purification of 
bacterially expressed polypeptides, or to a hemagglutinin tag to facilitate 
purification of polypeptides expressed in eukaryotic cells. The invention also 

30 includes, for example, isolated polypeptides (and the nucleic acids that encode these 
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polypeptides) that include a first portion and a second portion; the first portion 
includes, e.g., a GEP polypeptide, and the second portion includes an 
immunoglobulin constant (Fc) region or a detectable marker. 

The fusion partner can be, for example, a polypeptide which facihtates 
5 secretion, e.g., a secretory sequence. Such a fused polypeptide is typically referred 
to as a preprotein. The secretory sequence can be cleaved by the host cell to form 
the mature protein. Also within the invention are nucleic acids that encode a GEP 
polypeptide fused to a polypeptide sequence to produce an inactive preprotein. 
Preproteins can be converted into the active form of the protein by removal of the 

10 inactivating sequence. 

The invention also includes nucleic acids that hybridize, e.g., under stringent 
hybridization conditions (as defined herein) to all or a portion of the nucleotide 
sequences represented by the SEQ ID NOs. listed in Table 1, or their complements. 
The hybridizing portion of the hybridizing nucleic acids is typically at least 15 

15 (e.g., 20, 30, or 50) nucleotides in length. The hybridizing portion of the 
hybridizing nucleic acid is at least 80%, e.g., at least 95%, or at least 98%, 
identical to the sequence of a portion or all of a nucleic acid encoding a GEP 
polypeptide or its complement. Hybridizing nucleic acids of the type described 
herein can be used as a cloning probe, a primer (e.g., a PGR primer), or a 

20 diagnostic probe. Nucleic acids that hybridize to the nucleotide sequences 
represented by the SEQ ID NOs. listed in Table 1 are considered "antisense 
oligonucleotides." Also included within the invention are ribozymes that inhibit the 
fmiction of operons containing the GEP genes of the invention, as determined, for 
example, in a complementation assay. 

25 Also useful in the invention are various cells, e.g., transformed host cells, 

that contain a GEP nucleic acid described herein. A "transformed cell" is a cell 
into which (or into an ancestor of which) has been introduced, by means of 
recombinant DNA techniques, a nucleic acid encoding a GEP polypeptide. Both 
prokaryotic and eukaryotic cells are included, e.g., bacteria, Streptococcusy Bacillus, 

30 and the like. 
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Also useful in the invention are genetic constructs (e.g., vectors and 
plasmids) that include a nucleic acid of the invention which is operably linked to a 
transcription and/or translation sequence to enable expression, e.g., expression 
vectors. By "operably linked" is meant that a selected nucleic acid, e.g., a DNA 
5 molecule encoding a GEP polypeptide, is positioned adjacent to one or more 
sequence elements, e.g., a promoter, which directs transcription and/or translation 
of the sequence such that the sequence elements can control transcription and/or 
translation of the selected nucleic acid. 

The invention also features purified or isolated polypeptides encoded by 
10 nucleic acids located within operons containing GEP genes, as listed in Table 1. 
As used herein, both "protein" and "polypeptide" mean any chain of amino acids, 
regardless of length or post-translational modification (e.g., glycosylation or 
phosphorylation). Thus, the terms gepl03 polypeptide, geplll9 polypeptide, 

gepll22 polypeptide, gepl315 polypeptide, gepl493 polypeptide, gepl507 >j 

15 polypeptide, geplSll polypeptide, gepl518 polypeptide, gepl546 polypeptide, 
gepl551 polypeptide, gepl561 polypeptide, gepl580 polypeptide, gepl713 
polypeptide, gep222 polypeptide, gep2283 polypeptide, gep273 polypeptide, gep286 
polypeptide, gep311 polypeptide, gep3262 polypeptide, gep3387 polypeptide, gep47 
polypeptide, gep61 polypeptide, and gep76 polypeptide include full-length, 

20 naturally occurring gepl03, geplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, geplSlS, gepl546, gepl551, gepl561, geplSSO, gepl713, gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, gep61, and gep76 
proteins, respectively, as well as recombinantly or synthetically produced 
polypeptides that correspond to the full-length, naturally occurring proteins, or to a 

25 portion of the naturally occurring or synthetic polypeptide. 

A "purified" or "isolated" compound is a composition that is at least 60% by 
weight the compound of interest, e.g., a GEP polypeptide or antibody. Preferably 
the preparation is at least 75% (e.g., at least 90% or 99%) by weight the compound 
of interest. Purity can be measxired by any appropriate standard method, e.g., 

30 column chromatography, polyacrylamide gel electrophoresis, or HPLC analysis. 
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Preferred GEP polypeptides include a sequence substantially identical to all 
or a portion of a naturally occurring GEP polypeptide, e.g., including all or a 
portion of the sequences shown in Figs. 1-23. Polypeptides "substantially identical" 
to the GEP polypeptide sequences described herein have an amino acid sequence 
5 that is at least 80% (e.g., 85%, 90%, 95%, or 99%) identical to the amino acid 
sequence of the GEP polypeptides represented by the SEQ ID NOs. listed in Table 
1 . For purposes of comparison, the length of the reference GEP polypeptide 
sequence will generally be at least 16 amino acids, e.g., at least 20 or 25 amino 
acids. 

10 In the case of polypeptide sequences that are less than 100% identical to a 

reference sequence, the non-identical positions are preferably, but not necessarily, 
conservative substitutions for the reference sequence. Conservative substitutions 
typically include substitutions within the following groups: glycine and alanine; 
valine, isoleucine, and leucine; aspartic acid and glutamic acid; asparagine and 

15 glutamine; serine and threonine; lysine and arginine; and phenylalanine and 
tyrosine. 

Where a particular polypeptide is said to have a specific percent identity to 
a reference polypeptide of a defined length, the percent identity is relative to the 
reference polypeptide. Thus, a polypeptide that is 50% identical to a reference 

20 polypeptide that is 100 amino acids long can be a 50 amino acid polypeptide that is 
completely identical to a 50 amino acid long portion of the reference polypeptide. 
It also might be a 100 amino acid long polypeptide which is 50% identical to the 
reference polypeptide over its entire length. Of course, other polypeptides also will 
meet the same criteria. 

25 The invention also features purified or isolated antibodies that specifically 

bind to a GEP polypeptide. By "specifically binds" is meant that an antibody 
recognizes and binds to a particular antigen, e.g., a GEP polypeptide, but does not 
substantially recognize and bind to other molecules in a sample, e.g., a biological 
sample that naturally includes a GEP polypeptide. 
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In another aspect, the invention features a method for detecting a GEP 
polypeptide in a sample. This method includes: obtaining a sample suspected of 
containing a GEP polypeptide; contacting the sample with an antibody that 
specifically binds to a GEP polypeptide under conditions that allow the formation 
5 of complexes of an antibody and the GEP polypeptide; and detecting the 

complexes, if any, as an indication of the presence of a GEP polypeptide in the 
sample. 

Also encompassed by the invention is a method of obtaining a gene related 
to (i.e., a functional homolog or ortholog of) a GEP gene. Such a method entails 

10 obtaining a labeled probe that includes an isolated nucleic acid which encodes all 
or a portion of a GEP nucleic acid, or a homolog or ortholog thereof; screening a 
nucleic acid fragment library with the labeled probe under conditions that allow 
hybridization of the probe to nucleic acid fragments in the library, thereby forming 
nucleic acid duplexes; isolating labeled duplexes, if any; and preparing a full-length 

15 gene sequence from the nucleic acid fragments in any labeled duplex to obtain a 
gene related to the GEP gene. 

The invention offers several advantages. For example, the methods for 
identifying antibacterial agents can be configured for high throughput screening of 
numerous candidate antibacterial agents. 

20 Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, suitable methods and materials are described herein. All 

25 publications, patent applications, patents, and other references mentioned herein are 
incorporated herein by reference in their entirety. In the case of a conflict, the 
present specification, including definitions, will control. In addition, the materials, 
methods, and examples are illustrative and are not intended to limit the scope of 
the invention, which is defined by the claims. 
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Other features and advantages of the invention will be apparent from the 
following detailed description, and from the claims. 

Brief Description of the Drawings 
Fig. 1 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gepl03 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:l, 2, and 3 respectively). 

Fig. 2 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl 119 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:4, 5 and 6, respectively). 

10 Fig. 3 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the gepl 122 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:7, 8, and 9, respectively). 

Fig. 4 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl315 polypeptide and gene from a 
15 Streptococcus pneumonia strain (SEQ ID NOs:10, 11, and 12, respectively). 

Fig. 5 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl 493 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:13, 14, and 15, respectively). 

Fig. 6 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gepl 507 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID N0s:16, 17, and 18, respectively). 
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Fig. 7 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the geplSll polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID N0s:19, 20, and 21, respectively). 

Fig. 8 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gepl518 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:22, 23, and 24, respectively). 

Fig. 9 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl546 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:25, 26, and 21, respectively). 

10 Fig. 10 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the gepl551 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:28, 29, and 30, respectively). 

Fig. 1 1 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl561 polypeptide and gene from a 
15 Streptococcus pneumonia strain (SEQ ID N0s:31, 32, and 33, respectively). 

Fig. 12 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gepl580 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:34, 35, and 36, respectively). 

Fig. 13 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gepl713 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:37, 38, and 39, respectively). 
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Fig. 14 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep222 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:40, 41, and 42, respectively). 

Fig. 1 5 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gep2283 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:43, 44, and 45, respectively). 

Fig. 16 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep273 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:46, 47, and 48, respectively). 

10 Fig. 17 is a representation of the amino acid and coding strand and non- 

coding strand nucleic acid sequences of the gep286 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:49, 50, and 51, respectively). 

Fig. 1 8 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep311 polypeptide and gene from a 
15 Streptococcus pneumonia (SEQ ID NOs:52, 53, and 54, respectively). 

Fig. 19 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep3262 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:55, 56, and 57, respectively). 

Fig. 20 is a representation of the amino acid and coding strand and non- 
20 coding strand nucleic acid sequences of the gep3387 polypeptide and gene from a 
Streptococcus pneumonia (SEQ ID NOs:58, 59, and 60, respectively). 
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Fig. 21 are a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep47 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID N0s:61, 62, and 63, respectively). 

Fig. 22 is a representation of the amino acid and coding strand and non- 
5 coding strand nucleic acid sequences of the gep61 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:64, 65, and 66, respectively). 

Fig. 23 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the gep76 polypeptide and gene from a 
Streptococcus pneumonia strain (SEQ ID NOs:67, 68, and 69, respectively). 



10 



Fig. 24 is a representation of the amino acid and coding strand and non- 
coding strand nucleic acid sequences of the B-yneS polypeptide and gene from a 
Bacillus subtilis strain (SEQ ID NOs:70, 71, and 72, respectively). 



Fig. 25 is a schematic representation of the PCR strategy used to prod 
DNA molecules used for targeted deletions of essential genes in Streptococcus 
15 pneumoniae. 



uce 



Fig. 26 is a schematic representation of the strategy used to produce 
targeted deletions of essential genes in Streptococcus pneumoniae. 

Detailed Descripti on of the Invention 
Identifying Strep tococcus Genes in Essential Operon.s 
20 As shown by the experiments described below, each of the GEP genes is 

located within an operon that is essential for survival of Streptococcus pneumonia. 
Streptococcus pneumonia is available from the ATCC. To identify genes located 
within essential operons. mutants of Streptococcus pneumonia were produced. In 



wo 99/33871 



PCT/US98/27918 



- 20- 

general, mutagenesis of Streptococcus pneumonia can be accomplished using any of 
various art-known methods. 

In general, and for the examples set forth below, genes located within 
essential Streptococcus pneumonia operons can be identified using genes from a 
5 Streptococcus pneumonia RXl genomic Hbrary, which was produced using standard 
methods (see Kim et al., Nucl. Acids. Res. 20: 1083-1085 (1992) and Ausubel et 
al. (eds.), 1995, Current Protocols in Molecular Biology, (John Wiley & Sons, 
NY)). Genes in this Streptococcus library were disrupted using a shuttle 
mutagenesis approach with the transposon TnPho-A. Each disrupted gene then was 

10 tested to determine whether it was located within an operon that is essential for 
survival of Streptococcus pneumonia. In this method, 2 ml of LB broth 
supplemented with chloramphenicol (10 |ag/ml), MgS04 (10 mM) and maltose 
(0.2%) were inoculated with 50 \i\ of the Streptococcus pneumonia RX-1 plasmid 
library. The culture was grown at 37°C while shaking until the OD^so of the 

15 culture reached 0.8 (approximately 2 hours). A 1 ml aliquot of TnPho-A- 
containing phage (10' pfu/ml) was added to 1 ml of the Streptococcus culture, 
producing a ratio of approximately 10 phage to 1 cell. The phage and cells were 
incubated at 3TC for 30 minutes. A 4 ml aliquot of LB broth, warmed to 37°C, 
then was added to the phage/cell mixture, and the mixture was incubated at 37°C, 

20 while shaking, for 1 hour. The cells then were pelleted by centrifuging them at 
3500 rpm in a Beckman tabletop centrifuge for 5 minutes. 

The pelleted cells then were resuspended in 800 p\ of LB broth, and a 200 
III aliquot of cells was plated onto each of four petri plates containing LB agar 
supplemented with chloramphenicol (10 /ig/ml), kanamycin (50 ^g^nil), and 

25 erythromycin (300 ;tg/ml). The plates then were incubated overnight at 37^C, and 
the number of colonies appearing on the plates was counted. Approximately 
18,000 colonies then were pooled and used to inoculate 50 ml of LB broth, which 
was incubated overnight at 37°C. Plasmid DNA from the culture then was 
extracted using a Qiagen MIDI Prep Kit; other art-known extraction methods can 

30 be substituted. 



wo 99/33871 



PCT/US98/27918 



- 21 - 

The concentration of the extracted DNA was measured, and 100 ng of the 
DNA was transformed, by electroporation, into E, coli DHIOB cells (Gibco BRL). 
A 1 ml aliquot of SOC broth then was added the transformed cells, and the cells 
were incubated at 37°C for 1 hour before being pelleted by centrifugation at 3500 
5 RPM for 5 minutes. The cells then were resuspended in 200 /zl of LB broth, and 
aliquots of 2, 20, and 50 /xl were plated onto petri plates containing LB agar and 
antibiotics as described above. After incubating the plates overnight at 37°C, 93 
colonies were picked and used, individually, to inoculate 1.25 ml of Terrific broth 
supplemented with chloramphenicol (lOjug/ml), kanamycin (50;xg/ml), and 

10 erythromycin (300/zg/ml). The cultures were incubated at 37^*0 for approximately 
20 hours, while shaking. The DNA from each culture then was extracted, using a 
conventional alkaline lysis miniprep method. 

The extracted DNA samples then were used, individually, to transform 
Streptococcus pneumonia cells in a 96-well microtitre format. The transposon 

15 promotes insertion of the mutagenized gene into the bacterial chromosome. Non- 
transforming clones indicate that the mutation was within an operon containing an 
essential gene. 

The non-transforming clones then were grown in 50 ml of Terrific broth 
supplemented with chloramphenicol (10 /ig/ml), kanamycin (50 /xg/ml), and 

20 erythromycin (300 /tg/ml). DNA from these clones was extracted and 

retransformed into Streptococcus pneumonia and plated on petri dishes to confirm 
that they were non-transforming. The genes located within essential operons then 
were sequenced, using primers that hybridize to sequences of the transposon. The 
sequences of the primers were: 5'GCAGCCCGGTTTTCCAGAACAGG3* (SEQ ID 

25 NO: 73) and 5'GATTTAGCCCAGTCGGCCGCACG3' (SEQ ID NO: 74). 

In an alternative method, which also was used, the transposon Tn 10 was 
used to disrupt genes in a Streptococcus pneumonia fosmid library, which was 
produced using standard methods. A 50 ml aliquot of TBMM broth supplemented 
with chloramphenicol (10/ig/ml), MgS04 (10 mM), and maltose (0.2%) were 

30 inoculated with a single fosmid colony from the fosmid library, and the cultures 
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were grown overnight at 37°C. The cells then were pelleted and resuspended in 5 
ml of LB broth supplemented with chloramphenicol (10 figfml), MgS04 (10 mM), 
and maltose (0.2%). A 100 /il aliquot of the cells then was mixed with 100 of 
TnlO phage lysate (10'° pfu/ml), and the mixture was incubated at room 
5 temperature for 15 minutes and then incubated at 37°C for 15 minutes. 

A 5 ml aliquot of LB broth supplemented with IPTG (1 mM) and sodium 
citrate (50 mM) and warmed to 37°C then was added to the cell/phage mixture. 
After incubating the cell/phage mixture at 3TC, while shaking, the cells were 
pelleted and resuspended in 800 /il of LB broth. The cells then were plated onto 4 

10 plates of LB agar supplemented with chloramphenicol (10 ^g/ml) and erythromycin 
(300 /xg/ml). After incubating the cells overnight at 37°C, at least 10,000 of the 
resulting colonies were used to inoculate 50 ml of LB broth. DNA then was 
extracted and quantified using standard methods, and 100 ng of DNA were used to 
transform E, coli DHIOB cells (Gibco BRL) via electroporation. After adding 1 ml 

15 of SOC broth to the cells, the cells were incubated at 37''C for 1 hour. The cells 
then were pelleted and suspended in 200 ^1 LB broth, and aliquots of 2, 20, and 50 
^1 were plated onto LB agar supplemented with chloramphenicol (10 /ig/ml), 
kanamycin (50 /ig/ml), and erythromycin (300 /xg/ml). The plates then were 
incubated overnight at 37°C, and 93 colonies were picked and used to inoculate 

20 1.25 ml of Terrific broth supplemented with chloramphenicol (lO/xg/ml), 
kanamycin (50 ptg/ml) and erythromycin (300 Mg^nil). These cultures were 
incubated for approximately 20 hours, while shaking, and the DNA was isolated 
using a standard miniprep method. The extracted DNA then was used to transform 
Streptococcus pneumonia, and the genes located within essential operons were 

25 sequenced as described above. The sequences of the primers used for sequencing 
were: 5*CCGCCATTCTTTGCTGTTTCG3* (SEQ ID NO: 75) and 
5'TTACACGTTACTAAAGGGAATG3' (SEQ ID NO: 76). 
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Identification of the gepl493, gepl507, gepl546, geD273. gep286, and gep76 
Genes as Essential Genes 

As shown by the experiments described below, the gepl493, gepl507, 

gepl546, gep273, gep286, and gep76 genes each have been shown to be essential 

5 for survival of Streptococcus pneumoniae. Each of the gepl493, gepl507, 

gepl546, gep273, gep286, and gep76 genes has been identified as essential by 

creating a targeted deletion of each gene, separately, in Streptococcus pneumoniae. 

Each of the gepl493, gepl507, gepl546, gep273, gep286, and gep76 genes 

was, separately, replaced with a nucleic acid sequence conferring resistance to the 

10 antibiotic erythromycin (an "er/w" gene). Other genetic markers can be used in lieu 
of this particular antibiotic resistance marker. Polymerase chain reaction (PGR) 
amplification was used to make a targeted deletion in the Streptococcus genomic 
DNA, as shown in Fig. 25. Several PGR reactions were used to produce the DNA 
molecules needed to carry out target deletion of the genes of interest. First, using 

15 primers 5 and 6, an erm gene was amplified fi"om pIL252 fi-om B. subtilis 
(available firom the Bacillus Genetic Stock Center, Columbus, OH). Primer 5 
consists of 21 nucleotides that are identical to the promoter region of the erm gene 
and complementary to Sequence A. Primer 5 has the sequence 5*GTG TTC GTG 
CTG ACT TGC ACC3' (SEQ ID NO: 77). Primer 6 consists of 21 nucleotides 

20 that are complementary to the 3* end of the erm gene. Primer 6 has the sequence 
5'GAA TTA TTT CCT CCC GTT AAA3' (SEQ ID NO: 78). PGR amplification 
of the erm gene was carried out under the following conditions: 30 cycles of 94''C 
for 1 minute, 55**C for 1 minute, and 72°C for 1.5 minutes, followed by one cycle 
of 72°G for 10 minutes. 

25 In the second and third PGR reactions, sequences flanking the gene of 

interest were amplified and produced as hybrid DNA molecules that also contained 
a portion of the erm gene. The second reaction produced a double-stranded DNA 
molecule (termed "Left Flanking Molecule") that includes sequences upstream of 
the 5' end of the gene of interest and the first 21 nucleotides of the erm gene. As 

30 shown in Fig. 25, this reaction utilized primer 1, which is 21 nucleotides in length 



wo 99/33871 



PCTAJS98/27918 



-24- 

and identical to a sequence that is located approximately 500 bp upstream of the 
translation start site of the gene of interest. Primers 1 and 2 are gene-specific and 
include the sequences 5'CTC CGT GAA GTC CAC CTG AT3' (SEQ ID NO:79) 
and 5'GGT GCA AGT CAG CAC GAA CAC GCG ACA TAG GTT CCA GTT 
5 AGG3' (SEQ ID NO:80), respectively, for gepl493. Primer 2 is 42 nucleotides in 
length, with 21 of the nucleotides at the 3' end of the primer being complementary 
to the 5' end of the sense strand of the gene of interest. The 21 nucleotides at the 
5' end of the primer were identical to Sequence A and are therefore complementary 
to the 5' end of the erm gene. Thus, PCR amplification using primers 1 and 2 

10 produced the left flanking DNA molecule, which is a hybrid DNA molecule 

containing a sequence located upstream of the gene of interest and 21 base pairs of 
the erm gene, as shown in Fig. 25. 

The third PCR reaction was similar to the second reaction, but produced the 
right flanking DNA molecule, shown in Fig. 25. The right flanking DNA molecule 

15 contains 21 base pairs of the 3' end of the erm gene, a 21 base pair portion of the 
3' end of the gene of interest, and sequences downstream of the gene of interest. 
This right flanking DNA molecule was produced with gene-specific primers 3 and 
4. For gep 1493, primers 3 and 4 included the sequences 5'TTT AAC GGG AGG 
AAA TAA TTC CCA TAT CGT GGC TCC TGA AT 3' (SEQ ID N0:81) and 

20 5 'TAA AGC CCT CAT GTC GAA CC3' (SEQ ID NO:82), respectively. Primer 3 
is 42 nucleotides; the 21 nucleotides at the 5' end of Primer 3 are identical to 
Sequence B and therefore are identical to the 3* end of the erm gene. The 21 
nucleotides at the 3' end of Primer 3 are identical to the 3' end of the gene of 
interest. Primer 4 is 21 nucleotides in length and is complementary to a sequence 

25 located approximately 500 bp downstream of the gene of interest. As discussed 
above, primers 1-4 are gene-specific, and the sequences disclosed above were used 
for gepl493. Gene-specific primers were used to identify the other essential genes 
described herein, as shovm in Table 2. 
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TABLE 2: Primers Used in Identifying Essential Genes 



Gene 


Primer 1 


Primer 2 


Primer 3 


Primer 4 


gepl493 


5*CTCCGTGAA 
GTCCACCTGA 

NO:79) 


5*GGTGCAAGT 
CAGCACGAAC 
AC 1 OCTCGCG 
TAGATTGATT 
TG3' (SEQ ID 
NO:80) 


5'TTTAACGGG 

AGGAAATAAT 

TCGGGGATTG 

AACCTAACCC 

AT3' (SEQ ID 

N0:81) 


5'TTGGCAAG 
AAGGCAGAG 
AAT3' (SEQ ID 
NO:82) 


gepl507 


5*GCATGAGAA 
ACCCAGTCTC 
C3 (SEQ ID 
NO:83) 


5'GGTGCAAGT 

CAGCACGAAC 

ACGCGACATA 

GGTTCCAGTT 

AGG3* (SEQ ID 

NO:84) 


5'TTTAACGGG 

AGGAAATAAT 

TCCCATATCG 

TGGCTCCTGA 

AT3' (SEQ ID 

NO:85) 


5TAAAGCCC 
TCATGTCGAA 
CC3' (SEQ ID 
NO:86) 


gepl546 


5'CAGTGACGA 
TACAGATGAA 
GAA3* (SEQ ID 
NO:87) 


5'GGTGCAAGT 

CAGCACGAAC 

ACGATGCTGG 

CTTCGTTGAG 

TG3' (SEQ ID 

NO:88) 


5'TTTAACGGG 

AGGAAATAAT 

TCGTCGCGAC 

TCCTAGCCAT 

AC3' (SEQ ID 

NO:89) 


5XCAGCAAA 
GGAAAACCG 
ATA3* (SEQ ID 
NO:90) 


gep273 


5'GGTCAGTGA 
CAGCAGCAGA 
T3 (SEQ ID 
NO:91) 


5'GGTGCAAGT 

CAGCACGAAC 

ACGGCCTTGG 

AAAAAAGACC 

AT3' (SEQ ID 

NO:92) 


5'TTTAACGGG 

AGGAAATAAT 

TCCCGCTTAA 

ATTCTGCCAA 

TC3' (SEQ ID 

NO:93) 


5'CCCATAAC 
CGTATCACCT 
GG3' (SEQ ID 
NO:94) 


gep286 


5'CGGAACGGC 
TATGAAAAAA 
A3* (SEQ ID 
NO:95) 


5'GGTGCAAGT 

CAGCACGAAC 

ACACGACGAA 

AGGCAACCAT 

AC3' (SEQ ID 

NO:96) 


5'TTTAACGGG 

AGGAAATAAT 

TCTGGTATGG 

GGGTTGATGA 

AG3' (SEQ ID 

NO:97) 


5TCGCCCTAC 
TTTTCGTATG 

NO:98) 


gep76 


S^AGCGATATT 
AGTGCGGGAG 
A3' (SEQ ID 
NO:99) 


5'GGTGCAAGT 
CAGCACGAAC 
ACCAGCAATT 
TTGTCATCAG 
TCG3' (SEQ ID 
NO: 100) 


5'TTTAACGGG 

AGGAAATAAT 

TCCTGGGGTA 

ATGGAGCACA 

GT3' (SEQ ID 

NO:101) 


5'GGGATTGT 
CACGGTAAA 
ACC3' (SEQ ID 
NO: 102) 



SimSTTTTTTF SHFFT milT F 26^ 



/ 
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PGR amplification of the left and right flanking DNA molecules was carried 
out, separately, in 50 fil reaction mixtures containing: 1 /xl Streptococcus 
pneumoniae (RXl) DNA (0.25 /xg), 2.5 fi] Primer 1 or Primer 4 (10 pmol//tl), 
2.5 fil Primer 2 or Primer 3 (20 pmol/^1), 1.2 /il a mixture dNTPS (10 mM each), 
5 37 All H2O, 0.7 jttl Taq polymerase (5 U/^il), and 5 /xl lOx Taq polymerase buffer 
(10 mM Tris, 50 mM KCl, 2.5 mM MgCy. The left and right flanking DNA 
molecules were amplified using the following PGR cycling program: 95°C for 2 
minutes; 72*^C for 1 minute; 94^C for 30 seconds; 49'^G for 30 seconds; 72°G for 1 
minute; repeating the 94^G, 49°G, and 72^C incubations 30 times; 72^C for 10 

10 minutes and then stopping the reactions. A 15 /il aliquot of each reaction mixture 
then was electrophoresed through a 1.2% low melting point agarose gel in TAE 
buffer and then stained with ethidium bromide. Fragments containing the amplified 
left and right flanking DNA molecules were excised from the gel and purified 
using the QIAQUICK^t^ gel extraction kit (Qiagen, Inc.) Other art-known methods 

15 for amplifying and isolating DNA can be substituted. The flanking left and right 
DNA fi-agments were eluted into 30 /xl TE buffer at pH 8.0. 

The amplified erm gene and left and right flanking DNA molecules were 
then fiised together to produce the fiision product, as shown in Fig. 25. The fusion 
PGR reaction was carried out in a volume of 50 /xl containing: 2 /xl of each of the 

20 left and right flanking DNA molecules and the erm gene PGR product; 5 /xl of lOx 
buffer; 2.5 /xi of Primer 1 (10 pmol//xl); 2.5 /xl of Primer 4 (10 pmol//xl), 1.2 /xl 
dNTP mix (10 mM each) 32 fi\ HjO, and 0.7 fil Taq polymerase. The PGR 
reaction was carried out using the following cycling program: 95°C for 2 minutes; 
72^C for 1 minute; 94^G for 30 seconds, 48°G for 30 seconds; 72'^C for 3 minutes; 

25 repeatthe94°C, 48X and 72X incubations 25 times; 72^C for 10 minutes. After 
the reaction was stopped, a 12 /xl aliquot of the reaction mixture was 
electrophoresed through an agarose gel to confirm the presence of a final product 
of approximately 2 kb. 

A 5 /xl aliquot of the fusion product was used to transform S. pneumoniae 

30 grown on a medium containing erythromycin in accordance with standard 
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techniques. As shown in Fig. 26, the fusion product and the S. pneumoniae 
genome undergo a homologous recombination event so that the erm gene replaces 
the chromosomal copy of the gene of interest, thereby creating a gene knockout. 
Disruption of an essential gene results in no growth on a medium containing 
5 erythromycin. Using this gene knockout method, the gepl493, gepl507, gepl546, 
gep273, gep286, and gep76 genes were each identified as being essential for 
survival. 
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Identification of Homologs and Orthologs of GEP Polypeptides 

Having shown that the various GEP genes are essential or located within 
operons that are essential for survival of Streptococcus^ it can be expected that 
homologs and orthologs of the polypeptides encoded by these genes, when present 
5 in other organisms, for example B. subtilis, are essential or located within operons 
that are essential for survival of that organism as well, and therefore are useful 
targets for identifying antibacterial agents. Using the sequences of the GEP 
polypeptides identified in Streptococcus, homologs and orthologs of these 
polypeptides can be identified in other organisms. For example, the coding 

1 0 sequences of the GEP nucleic acids can be used to search the GenBank database of 
nucleotide sequences to identify homologs or orthologs that are expressed from 
essential operons in other organisms. Sequence comparisons can be performed 
using the Basic Local Alignment Search Tool (BLAST) (Altschul et aL, J. Mol 
Biol, 215:403-410 1990). The percent sequence identity shared by the GEP 

1 5 polypeptides and their homologs or orthologs can be determined using the GAP 
program from the Genetics Computer Group (GCG) Wisconsin Sequence Analysis 
Package (Wisconsin Package Version 9.0, GCG; Madison, WI). The following 
parameters are suitable: gap creation penalty, 12 (protein) 50 (DNA); gap 
extension penalty, 4 (protein) 3 (DNA). Typically, the GEP polypeptides and their 

20 homologs share at least 25% (e.g., at least 40%) sequence identity. Typically, the 
DNA sequences encoding GEP polypeptides and their homologs share at least 35% 
(e.g., at least 45%) sequence identity. To confirm that the homologs or orthologs 
of the GEP polypeptides are expressed from operons that are essential for survival 
of bacteria, the operon encoding each of the homologs or orthologs can be, 

25 separately, deleted from the genome of the host organism. 

Identification of Essential Ooerons in Additional Streptococcus Strains 

Now that the various GEP genes have been identified as being located 
within operons that are essential for survival, these genes, or fragments thereof, can 
be used to detect homologous or orthologous genes in other organisms. In 
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particular, these genes can be used to analyze various pathogenic and non- 
pathogenic strains of bacteria. Fragments of a nucleic acid (DNA or RNA) 
encoding a GEP polypeptide or homolog or ortholog (or sequences complementary 
thereto) can be used as probes in conventional nucleic acid hybridization assays of 
5 pathogenic bacteria. For example, nucleic acid probes (which typically are 8-30, or 
usually 15-20, nucleotides in length) can be used to detect GEP genes or homologs 
or orthologs thereof in art-known molecular biology methods, such as Southern 
blotting, Northern blotting, dot or slot blotting, PGR amplification methods, colony 
hybridization methods, and the like. Typically, an oligonucleotide probe based on 

10 the nucleic acid sequences described herein, or fragments thereof, is labeled and 
used to screen a genomic library constructed from mRNA obtained from a 
Streptococcus or bacterial strain of interest. A suitable method of labeling involves 
using polynucleotide kinase to add ^^P-labeled ATP to the oligonucleotide used as 
the probe. This method is well known in the art, as are several other suitable 

15 methods (e.g., biotinylation and enzyme labeling). 

Hybridization of the oligonucleotide probe to the library, or other nucleic 
acid sample, typically is performed under stringent to highly stringent conditions. 
Nucleic acid duplex or hybrid stability is expressed as the melting temperature or 
which is the temperature at which a probe dissociates from a target DNA. This 

20 melting temperature is used to define the required stringency conditions. If 
sequences are to be identified that are related and substantially identical to the 
probe, rather than identical, then it is useful to first establish the lowest temperature 
at which only homologous hybridization occurs with a particular concentration of 
salt (e.g., SSC or SSPE). Then, assuming that 1% mismatching results in a 1°C 

25 decrease in the T„, the temperature of the final wash in the hybridization reaction 
is reduced accordingly (for example, if sequences having > 95% identity with the 
probe are sought, the final wash temperature is decreased by S'^C). In practice, the 
change in T^ can be between 0.5° and l.S^'C per 1% mismatch. 

As used herein, highly stringent conditions refer to hybridization at eS^'C in 
^ 30 5x SSC/5X Denhardt's solution/1.0% SDS, and washing in 0.2x SSC/0.1% SDS at 
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42°C. Stringent conditions refer to washing in 3x SSC at 42°C The parameters of 
salt concentration and temperature can be varied to achieve the optimal level of 
identity between the probe and the target nucleic acid. Additional guidance 
regarding such conditions is readily available in the art, for example, by Sambrook 
5 et al, 1989, Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, 
N.Y.; and Ausubel et al. (eds.), 1995, Current Protocols in Molecular Biology, 
(John Wiley & Sons, N.Y.) at Unit 2.10. 

In one approach, libraries constructed from pathogenic or non-pathogenic 
Streptococcus or bacterial strains can be screened. For example, such strains can 

10 be screened for expression of GEP genes by Northern blot analysis. Upon 
detection of transcripts of the GEP genes or homologs or orthologs thereof, 
libraries can be constructed from RNA isolated from the appropriate strain, utilizing 
standard techniques well known to those of skill in the art. Alternatively, a total 
genomic DNA library can be screened using an GEP gene probe (or a probe 

15 directed to a homolog or ortholog thereof). 

New gene sequences can be isolated, for example, by performing PGR using 
two degenerate oligonucleotide primer pools designed on the basis of nucleotide 
sequences within the GEP genes, or their homologs or orthologs, as depicted 
herein. The template for the reaction can be DNA obtained from strains known or 

20 suspected to express a GEP allele or an allele of a homolog or ortholog thereof. 
The PGR product can be subcloned and sequenced to ensure that the amplified 
sequences represent the sequences of a new GEP nucleic acid sequence, or a 
sequence of a homolog or ortholog thereof. 

Synthesis of the various GEP polypeptides or their homologs or orthologs 

25 (or an antigenic fragment thereof) for use as antigens, or for other purposes, can 
readily be accomplished using any of the various art-known techniques. For 
example, a polypeptide or homolog or ortholog thereof, or an antigenic fragment(s), 
can be synthesized chemically in vitro, or enzymatically (e.g., by in vitro 
transcription and translation). Alternatively, the gene can be expressed in, and the 

30 polypeptide purified from, a cell (e.g., a cultured cell) by using any of the 
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numerous, available gene expression systems. For example, the polypeptide antigen 
can be produced in a prokaryotic host (e.g., E. coli or B, subtilis) or in eukaryotic 
cells, such as yeast cells or insect cells (e.g., by using a baculovirus-based 
expression vector). 

5 Proteins and polypeptides can also be produced in plant cells, if desired. 

For plant cells viral expression vectors (e.g., cauliflower mosaic virus and tobacco 
mosaic virus) and plasmid expression vectors (e.g., Ti plasmid) are suitable. Such 
cells are available from a wide range of sources (e.g., the American Type Culture 
Collection, Rockland, MD; also, see, e.g., Ausubel et al., Current Protocols in 

10 Molecular Biology, John Wiley & Sons, New York, 1994). The optimal methods 
of transformation or transfection and the choice of expression vehicle will depend 
on the host system selected. Transformation and transfection methods are 
described, e.g., in Ausubel et al., supra : expression vehicles may be chosen from 
those provided, e.g., in Cloning Vectors: A Laboratory Manual (P.H. Pouwels et 

15 al., 1985, Supp. 1987). The host cells harboring the expression vehicle can be 
cultured in conventional nutrient media, adapted as needed for activation of a 
chosen gene, repression of a chosen gene, selection of transformants, or 
amplification of a chosen gene. 

If desired, GEP polypeptides or their homologs or orthologs can be 

20 produced as fusion proteins. For example, the expression vector pUR278 (Ruther 
et al., EMBO J., 2:1791, 1983) can be used to create lacZ fusion proteins. The art- 
known pGEX vectors can be used to express foreign polypeptides as fusion 
proteins with glutathione S-transferase (GST). In general, such fusion proteins are 
soluble and can be easily purified from lysed cells by adsorption to glutathione- 

25 agarose beads followed by elution in the presence of free glutathione. The pGEX 
vectors are designed to include thrombin or factor Xa protease cleavage sites so 
that the cloned target gene product can be released from the GST moiety. 

In an exemplary insect cell expression system, a baculovirus such as 
Autographa califomica nuclear polyhedrosis virus (AcNPV), which grows in 

30 Spodoptera frugiperda cells, can be used as a vector to express foreign genes. A 
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coding sequence encoding a GEP polypeptide or homolog or ortholog can be 
cloned into a non-essential region (for example the polyhedrin gene) of the viral 
genome and placed under control of a promoter, e.g., the polyhedrin promoter or 
an exogenous promoter. Successful insertion of a gene encoding a GEP 
5 polypeptide or homolog or ortholog can result in inactivation of the polyhedrin 
gene and production of non-occluded recombinant virus (i.e., virus lacking the 
proteinaceous coat encoded by the polyhedrin gene). These recombinant viruses 
are then used to infect insect cells (e.g., Spodoptera frugiperda cells) in which the 
inserted gene is expressed (see, e.g., Smith et al., 1 Virol, 46:584, 1983; Smith, 

10 U.S. Patent No. 4,215,051). 

In mammalian host cells, a number of viral-based expression systems can be 
utilized. When an adenovirus is used as an expression vector, the nucleic acid 
sequence encoding the GEP polypeptide or homolog or ortholog can be ligated to 
an adenovirus transcription/ translation control complex, e.g., the late promoter and 

15 tripartite leader sequence. This chimeric gene can then be inserted into the 
adenovirus genome by in vitro or in vivo recombination. Insertion into a non- 
essential region of the viral genome (e.g., region El or E3) will result in a 
recombinant virus that is viable and capable of expressing a essential gene product 
in infected hosts (see, e.g., Logan, Proc. Natl. Acad. Sci. USA, 81:3655, 1984). 

20 Specific initiation signals may be required for efficient translation of 

inserted nucleic acid sequences. These signals include the ATG initiation codon 
and adjacent sequences. In general, exogenous translational control signals, 
including, perhaps, the ATG initiation codon, should be provided. Furthermore, the 
initiation codon must be in phase with the reading frame of the desired coding 

25 sequence to ensure translation of the entire sequence. These exogenous 

translational control signals and initiation codons can be of a variety of origins, 
both natural and synthetic. The efficiency of expression may be enhanced by the 
inclusion of appropriate transcription enhancer elements, or transcription 
terminators (Bittner et al.. Methods in EnzymoL, 153:516, 1987). 
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The GEP polypeptides and homologs and orthologs can be expressed 
individually or as fusions with a heterologous polypeptide, such as a signal 
sequence or other polypeptide having a specific cleavage site at the N-and/or C- 
terminus of the protein or polypeptide. The heterologous signal sequence selected 
5 should be one that is recognized and processed, i.e., cleaved by a signal peptidase, 
by the host cell in which the fusion protein is expressed. 

A host cell can be chosen that modulates the expression of the inserted 
sequences, or modifies and processes the gene product in a specific, desired 
fashion. Such modifications and processing (e.g., cleavage) of protein products 

10 may facilitate optimal functioning of the protein. Various host cells have 
characteristic and specific mechanisms for post-translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems 
familiar to those of skill in the art of molecular biology can be chosen to ensure 
the correct modification and processing of the foreign protein expressed. To this 

15 end, eukaryotic host cells that possess the cellular machinery for proper processing 
of the primary transcript, and phosphorylation of the gene product can be used. 
Such mammalian host cells include, but are not limited to, CHO, VERO, BHK, 
HeLa, COS, MDCK, 293, 3T3, WI38, and choroid plexus cell lines. 

If desired, the GEP polypeptide or homolog or ortholog thereof can be 

20 produced by a stably-transfected mammalian cell line. A number of vectors 
suitable for stable transection of mammalian cells are available to the public, see^ 
e,g., Pouwels et aL (supra ); methods for constructing such cell lines are also 
publicly known, e.g., in Ausubel et al. (supra) . In one example, DNA encoding the 
protein is cloned into an expression vector that includes the dihydrofolate reductase 

25 (DHFR) gene. Integration of the plasmid and, therefore, the GEP polypeptide- 
encoding gene into the host cell chromosome is selected for by including 0.01-300 
fiM methotrexate in the cell culture medium (as described in Ausubel et ah, supra) . 
This dominant selection can be accomplished in most cell types. 

Recombinant protein expression can be increased by DHFR-mediated 

30 amplification of the transfected gene. Methods for selecting cell lines bearing gene 
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amplifications are described in Ausubel et aL ( supra ); such methods generally 
involve extended culture in medium containing gradually increasing levels of 
methotrexate. DHFR-containing expression vectors commonly used for this 
purpose include pCVSEII-DHFR and pAdD26SV(A) (described in Ausubel et al., 
5 supra) . 

A number of other selection systems can be used, including but not limited 
to, herpes simplex virus thymidine kinase genes, hypoxanthine-guanine 
phosphoribosyl-transferase genes, and adenine phosphoribosyltransferase genes, 
which can be employed in tk, hgprt, or aprt cells, respectively. In addition, gpt, 

10 which confers resistance to mycophenolic acid (Mulligan et al., Proa Natl. Acad. 
ScL USA, 78:2072, 1981); neo, which confers resistance to the aminoglycoside G- 
418 (Colberre-Garapin et al, J. Mol Biol, 150:1, 1981); and hygro, which confers 
resistance to hygromycin (Santerre et al. Gene, 30:147, 1981), can be used. 

Alternatively, any fusion protein can be readily purified by utilizing an 

15 antibody or other molecule that specifically binds to the fusion protein being 

expressed. For example, a system described in Janknecht et al, Proc. Natl Acad. 
ScL USA, 88:8972 (1981), allows for the ready purification of non-denatured fusion 
proteins expressed in human cell lines. In this system, the gene of interest is 
subcloned into a vaccinia recombination plasmid such that the gene's open reading 

20 frame is translationally fused to an amino4erminal tag consisting of six histidine 
residues. Extracts from cells infected with recombinant vaccinia virus are loaded 
onto Ni^"^ nitriloacetic acid-agarose columns, and histidine-tagged proteins are 
selectively eluted with imidazole-containing buffers. 

Alternatively, a GEP polypeptide or homolog or ortholog, or a portion 

25 thereof, can be fused to an immunoglobulin Fc domain. Such a fusion protein can 
be readily purified using a protein A column, for example. Moreover, such fusion 
proteins permit the production of a chimeric form of a GEP polypeptide or 
homolog or ortholog having increased stability in vivo. 

Once the recombinant GEP polypeptide (or homolog or ortholog) is 

30 expressed, it can be isolated (i.e., purified). Secreted forms of the polypeptides can 
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be isolated from cell culture media, while non-secreted forms must be isolated from 
the host cells. Polypeptides can be isolated by affinity chromatography. For 
example, an anti-gepl03 antibody (e.g., produced as described herein) can be 
attached to a column and used to isolate the protein. Lysis and fractionation of 
5 cells harboring the protein prior to affinity chromatography can be performed by 
standard methods (see, e.g., Ausubel et al., supra) . Alternatively, a fusion protein 
can be constructed and used to isolate a GEP polypeptide (e.g., a geplOS-maltose 
binding fusion protein, a gep-103-p-galactosidase fusion protein, or a gepl03-trpE 
fusion protein; see, e.g., Ausubel et al., supra : New England Biolabs Catalog, 

10 Beverly, MA). The recombinant protein can, if desired, be further purified, e.g., 
by high performance liquid chromatography using standard techniques {see, e.g., 
Fisher, Laboratory Techniques In Biochemistry And Molecular Biology, eds.. Work 
and Burdon, Elsevier, 1980). 

Given the amino acid sequences described herein, polypeptides useful in 

15 practicing the invention, particularly fragments of GEP polypeptides can be 

produced by standard chemical synthesis (e.g., by the methods described in Solid 
Phase Peptide Synthesis, 2nd ed.. The Pierce Chemical Co., Rockford, IL, 1984) 
and used as antigens, for example. 



Antibodies 

20 The GEP polypeptides (or antigenic fragments or analogs of such 

polypeptides) can be used to raise antibodies useful in the invention, and such 
polypeptides can be produced by recombinant or peptide synthetic techniques (see, 
e.g.. Solid Phase Peptide Synthesis, supra: Ausubel et al., supra) . Likewise, 
antibodies can be raised against the GEP homologs and orthologs. In general, the 

25 polypeptides can be coupled to a carrier protein, such as KLH, as described in 
Ausubel et al., supra, mixed with an adjuvant, and injected into a host mammal. 
Antibodies can be purified, for example, by affinity chromatography methods in 
which the polypqjtide antigen is immobilized on a resin. 
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In particular, various host animals can be immunized by injection of a 
polypeptide of interest. Examples of suitable host animals include rabbits, mice, 
guinea pigs, and rats. Various adjuvants can be used to increase the immunological 
response, depending on the host species, including but not limited to Freund's 
5 (complete and incomplete adjuvant), adjuvant mineral gels such as aluminum 
hydroxide, surface active substances such as lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, dinitrophenol, 
BCG (bacille Calmette-Guerin) and Corynebacterium parvum. Polyclonal 
antibodies are heterogeneous populations of antibody molecules derived from the 
10 sera of the immunized animals. 

Antibodies useful in the invention include monoclonal antibodies, polyclonal 
antibodies, humanized or chimeric antibodies, single chain antibodies, Fab 
fragments, F(ab')2 fragments, and molecules produced using a Fab expression 
library. 

15 Monoclonal antibodies (mAbs), which are homogeneous populations of 

antibodies to a particular antigen, can be prepared using the GEP polypeptides or 
homologs or orthologs thereof and standard hybridoma technology (see, e.g., 
Kohler et al.. Nature, 256:495, 1975; Kohler et al., Eur, 1 Immunol, 6:511, 1976; 
Kohler et ah, Eur J. Immunol, 6:292, 1976; Hammerling et al., In Monoclonal 

20 Antibodies and T Cell Hvbridomas. Elsevier, NY, 1981; Ausubel et al., suoral 

In particular, monoclonal antibodies can be obtained by any technique that 
provides for the production of antibody molecules by continuous cell lines in 
culture, such as those described in Kohler et al., Nature, 256:495, 1975, and U.S. 
Patent No. 4,376,110; the human B-cell hybridoma technique (Kosbor et al., 

25 Immunology Today, 4:72, 1983; Cole et al., Proc, Natl Acad. Set USA, 80:2026, 
1983); and the EBV-hybridoma technique (Cole et al., Monoclonal Antibodies and 
Cancer Therapv. Alan R. Liss, Inc., pp. 77-96, 1983). Such antibodies can be of 
any inmiunoglobulin class including IgG, IgM, IgE, IgA, IgD, and any subclass 
thereof. The hybridomas producing the mAbs of this invention can be cultivated in 

30 vitro or in vivo. 
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Once produced, polyclonal or monoclonal antibodies are tested for specific 
recognition of a GEP polypeptide or homolog or ortholog thereof in an 
immunoassay, such as a Western blot or immunoprecipitation analysis using 
standard techniques, e.g., as described in Ausubel et al., supra . Antibodies that 

5 specifically bind to the GEP polypeptides, or conservative variants and homologs or 
orthologs thereof, are useful in the invention. For example, such antibodies can be 
used in an immunoassay to detect a GEP polypeptide in pathogenic or non- 
pathogenic strains of bacteria. 

Preferably, antibodies of the invention are produced using fragments of the 

10 GEP polypeptides that appear likely to be antigenic, by criteria such as high 
frequency of charged residues. In one specific example, such fragments are 
generated by standard techniques of PGR, and are then cloned into the pGEX 
expression vector (Ausubel et al., supra) . Fusion proteins are expressed in E, coli 
and purified using a glutathione agarose affinity matrix as described in Ausubel, et 

15 al.. supra . 

If desired, several (e.g., two or three) fusions can be generated for each 
protein, and each fusion can be injected into at least two rabbits. Antisera can be 
raised by injections in a series, typically including at least three booster injections. 
Typically, the antisera is checked for its ability to immunoprecipitate a recombinant 

20 GEP polypeptide or homolog or ortholog, or unrelated control proteins, such as 
glucocorticoid receptor, chloramphenicol acetyltransferase, or luciferase. 

Techniques developed for the production of "chimeric antibodies" (Morrison 
et al., Proc, Natl Acad. ScL, 81:6851, 1984; Neuberger et al., Nature, 312:604, 
1984; Takeda et al., Nature, 314:452, 1984) can be used to splice the genes from a 

25 mouse antibody molecule of appropriate antigen specificity together with genes 
from a human antibody molecule of appropriate biological activity. A chimeric 
antibody is a molecule in which different portions are derived from different animal 
species, such as those having a variable region derived from a murine mAb and a 
human immunoglobulin constant region. 
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Alternatively, techniques described for the production of single chain 
antibodies (U.S. Patent 4,946,778; and U.S. Patents 4,946,778 and 4,704,692) can 
be adapted to produce single chain antibodies against a GEP polypeptide or 
homolog or ortholog. Single chain antibodies are formed by linking the heavy and 
5 Hght chain fragments of the Fv region via an amino acid bridge, resulting in a 
single chain polypeptide. 

Antibody fragments that recognize and bind to specific epitopes can be 
generated by known techniques. For example, such fragments can include but are 
not limited to F(ab')2 fragments, which can be produced by pepsin digestion of the 
10 antibody molecule, and Fab fragments, which can be generated by reducing the 
disulfide bridges of F{ab')2 fragments. Alternatively, Fab expression libraries can 
be constructed (Huse et al., Science, 246:1275, 1989) to allow rapid and easy 
identification of monoclonal Fab fragments with the desired specificity. 

Polyclonal and monoclonal antibodies that specifically bind to GEP 
15 polypeptides or homologs or orthologs can be used, for example, to detect 
expression of a GEP gene or homolog or ortholog in another strain of bacteria. 
For example, a GEP polypeptide can be readily detected in conventional 
immunoassays of bacteria cells or extracts. Examples of suitable assays include, 
without limitation. Western blotting, ELISAs, radioimmune assays, and the like. 

20 Assay for Antibacterial Agents 

The invention provides a method for identifying an antibacterial agent(s). 
Although the inventors are not bound by any particular theory as to the biological 
mechanism involved, the new antibacterial agents are thought to inhibit specifically 
(1) the function of a polypeptide(s) encoded by a nucleic acid located within an 

25 operon containing a GEP gene, or (2) expression of the a gene located within an 
operon containing a GEP gene, or homologs or orthologs thereof Screening for 
antibacterial agents can be rapidly accomplished by identifying those compounds 
(e.g., polypeptides or small molecules) that specifically bind to a polypeptide 
encoded by a nucleic acid located within an operon containing a GEP gene. A 
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homolog or ortholog of a GEP polypeptide can be substituted for the GEP 
polypeptide in the methods summarized herein. Specific binding of a test 
compound to a polypeptide can be detected, for example, in vitro by reversibly or 
irreversibly inmiobilizing the test compound(s) on a substrate, e.g., the surface of a 
5 well of a 96-well polystyrene microtitre plate. Methods for immobilizing 

polypeptides and other small molecules are well known in the art. For example, 
the microtitre plates can be coated with a polypeptide encoded by a nucleic acid 
located within an operon containing a GEP gene (e.g., a GEP polypeptide or a 
combination of GEP polypeptides and/or homologs and/or orthologs) by adding the 

10 polypeptide(s) in a solution (typically, at a concentration of 0.05 to 1 mg/ml in a 
volume of 1-100 ^1) to each well, and incubating the plates at room temperature to 
37^*0 for 0.1 to 36 hours. Polypeptides that are not bound to the plate can be 
removed by shaking the excess solution from the plate, and then washing the plate 
(once or repeatedly) with water or a buffer Typically, the polypeptide, homolog, 

15 or ortholog is contained in water or a buffer. The plate is then washed with a 

buffer that lacks the boimd polypeptide. To block the free protein-binding sites on 
the plates, the plates are blocked with a protein that is unrelated to the bound 
polypeptide. For example, 300 fil of bovine serum albumin (BSA) at a 
concentration of 2 mg/ml in Tris-HCl is suitable. Suitable substrates include those 

20 substrates that contain a defined cross-linking chemistry (e.g., plastic substrates, 
such as polystyrene, styrene, or polypropylene substrates from Coming Costar 
Corp. (Cambridge, MA), for example). If desired, a beaded particle, e.g., beaded 
agarose or beaded sepharose, can be used as the substrate. 

Binding of the test compound to the new polypeptides (or homologs or 

25 orthologs thereof) can be detected by any of a variety of art-known methods. For 
example, an antibody that specifically binds to a GEP polypeptide can be used in 
an inmiunoassay. If desired, the antibody can be labeled (e.g., fluorescently or 
with a radioisotope) and detected directly (see, e.g.. West and McMahon, J. Cell 
BioL 74:264, 1977). Alternatively, a second antibody can be used for detection 

30 (e.g., a labeled antibody that binds to the Fc portion of an anti-GEP103 antibody). 
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In an alternative detection method, the GEP polypeptide is labeled, and the label is 
detected (e.g., by labeling a GEP polypeptide with a radioisotope, fluorophore, 
chromophore, or the like). In still another method, the GEP polypeptide is 
produced as a fusion protein with a protein that can be detected optically, e.g., 
5 green fluorescent protein (which can be detected under UV light). In an alternative 
method, the polypeptide (e.g., geplOS) can be produced as a fusion protein with an 
enzyme having a detectable enzymatic activity, such as horse radish peroxidase, 
alkaline phosphatase, p-galactosidase, or glucose oxidase. Genes encoding all of 
these enzymes have been cloned and are readily available for use by those of skill 

10 in the art. If desired, the fusion protein can include an antigen, and such an 
antigen can be detected and measured with a polyclonal or monoclonal antibody 
using conventional methods. Suitable antigens include enzymes (e.g., horse radish 
peroxidase, alkaline phosphatase, and p-galactosidase) ^and non-enzymatic 
polypeptides (e.g., serum proteins, such as BSA and globulins, and milk proteins, 

15 such as caseins). 

In various in vivo methods for identifying polypeptides that bind to GEP 
polypeptides, the conventional two-hybrid assays of protein/protein interactions can 
be used (see e.g., Chien et al., Proc. Natl Acad, Sci. USA, 88:9578, 1991; Fields et 
al., U.S. Pat No. 5,283,173; Fields and Song, Nature, 340:245, 1989; Le Douarin 

20 et al., Nucleic Acids Research, 23:876, 1995; Vidal et al, Proc. Natl. Acad. Sci. 
USA, 93:10315-10320, 1996; and White, Proc. Natl Acad. Sci. USA, 93:10001- 
10003, 1996). Kits for practicing various two-hybrid methods are commercially 
available (e.g., from Clontech; Palo Alto, CA). 

Generally, the two-hybrid methods involve in vivo reconstitution of two 

25 separable domains of a transcription factor. The DNA binding domain (DB) of the 
transcription factor is required for recognition of a chosen promoter. The 
activation domain (AD) is required for contacting other components of the host 
cell's transcriptional machinery. The transcription factor is reconstituted through 
the use of hybrid proteins. One hybrid is composed of the AD and a first protein 
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of interest. The second hybrid is composed of the DB and a second protein of 
interest. 

Useful reporter genes are those that are operably linked to a promoter which 
is specifically recognized by the DB. Typically, the two-hybrid system employs 
5 the yeast Saccharomyces cerevisiae and reporter genes, the expression of which can 
be selected under appropriate conditions. Other eukaryotic cells, including 
mammalian and insect cells, can be used, if desired. The two-hybrid system 
provides a convenient method for cloning a gene encoding a polypeptide (i.e., a 
candidate antibacterial agent) that binds to a second, preselected polypeptide (e.g., 

10 gepl03). Typically, though not necessarily, a DNA library is constructed such that 
randomly generated sequences are fused to the AD, and the protein of interest (e.g., 
gepl03) is fused to the DB. 

In such two-hybrid methods, two fusion proteins are produced. One fusion 
protein contains the GEP polypeptide (or homolog or ortholog thereof) fused to 

15 either a transactivator domain or DNA binding domain of a transcription factor 
(e.g., of Gal4). The other fusion protein contains a test polypeptide fused to either 
the DNA binding domain or a transactivator domain of a transcription factor. Once 
brought together in a single cell (e.g., a yeast cell or mammalian cell), one of the 
fusion proteins contains the transactivator domain and the other fusion protein 

20 contains the DNA binding domain. Therefore, binding of the GEP polypeptide to 
the test polypeptide (i.e., candidate antibacterial agent) reconstitutes the 
transcription factor. Reconstitution of the transcription factor can be detected by 
detecting expression of a gene (i.e,, a reporter gene) that is operably linked to a 
DNA sequence that is bound by the DNA binding domain of the transcription 

25 factor. 

The methods described above can be used for high throughput screening of 
numerous test compoimds to identify candidate antibacterial (or anti-bacterial) 
agents. Having identified a test compound as a candidate antibacterial agent, the 
candidate antibacterial agent can be further tested for inhibition of bacterial growth 
30 in vitro or in vivo (e.g., using an animal, e.g., rodent, model system) if desired. 
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Using other, art-known variations of such methods, one can test the abihty of a 
nucleic acid (e.g., DNA or RNA) used as the test compound to bind to a 
pol>T5eptide encoded by a nucleic acid sequence located within an operon 
containing a GEP gene or homolog or ortholog thereof. 
5 In vitro, further testing can be accomplished by means known to those in 

the art such as an enzyme inhibition assay or a whole-cell bacterial growth 
inhibition assay. For example, an agar dilution assay identifies a substance that 
inhibits bacterial growth. Microtiter plates are prepared with serial dilutions of the 
test compound; adding to the preparation a given amount of growth substrate; and 

10 providing a preparation of Streptococcus cells. Inhibition of growth is determined, 
for example, by observing changes in optical densities of the bacterial cultures. 

Inhibition of bacterial growth is demonstrated, for example, by comparing 
(in the presence and absence of a test compound) the rate of growth or the absolute 
growth of bacterial cells. Inhibition includes a reduction of one of the above 

15 measurements by at least 20% (e.g., at least 25%, 30%, 40%, 50%, 75%, 80%, or 
90%). 

Rodent (e.g., murine) and rabbit animal models of streptococcal infections 
are known to those of skill in the art, and such animal model systems are accepted 
for screening antibacterial agents as an indication of their therapeutic efficacy in 

20 human patients. In a typical in vivo assay, an animal is infected with a pathogenic 
Streptococcus strain, e.g., by inhalation of Streptococcus pneumoniae, and 
conventional methods and criteria are used to diagnose the mammal as being 
afflicted with streptococcal pneumonia. The candidate antibacterial agent then is 
administered to the mammal at a dosage of 1-100 mg/kg of body weight, and the 

25 mammal is monitored for signs of amelioration of disease. Alternatively, the test 
compoimd can be administered to the mammal prior to infecting the mammal with 
Streptococcus^ and the ability of the treated mammal to resist infection is measured. 
Of course, the results obtained in the presence of the test compound should be 
compared with results in control animals, which are not treated with the test 
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compound. Administration of candidate antibacterial agent to the mammal can be 
carried out as described below, for example. 

Pharmaceutical Formulations 

Treatment includes administering a pharmaceutically effective amount of a 
5 composition containing an antibacterial agent to a subject in need of such 

treatment, thereby inhibiting bacterial growth in the subject. Such a composition 
typically contains from about 0.1 to 90% by weight (such as 1 to 20% or 1 to 
10%) of an antibacterial agent of the invention in a pharmaceutically acceptable 
carrier, 

10 Solid formulations of the compositions for oral administration may contain 

suitable carriers or excipients, such as com starch, gelatin, lactose, acacia, sucrose, 
microcrystalline cellulose, kaolin, mannitol, dicalcium phosphate, calcium 
carbonate, sodium chloride, or alginic acid. Disintegrators that can be used 
include, without limitation, micro-crystalline cellulose, com starch, sodium starch 

15 glycolate and alginic acid. Tablet binders that may be used include acacia, 

methylcellulose, sodium carboxymethylcellulose, polyvinylpyrrolidone (Povidone), 
hydroxypropyl methylcellulose, sucrose, starch, and ethylcellulose. Lubricants that 
may be used include magnesium stearates, stearic acid, silicone fluid, talc, waxes, 
oils, and colloidal silica. 

20 Liquid formulations of the compositions for oral administration prepared in 

water or other aqueous vehicles may contain various suspending agents such as 
methylcellulose, alginates, tragacanth, pectin, kelgin, carrageenan, acacia, 
polyvinylpyrrolidone, and polyvinyl alcohol. The Uquid formulations may also 
include solutions, emulsions, syrups and eHxirs containing, together with the active 

25 compound(s), wetting agents, sweeteners, and coloring and flavoring agents. 

Various liquid and powder formulations can be prepared by conventional methods 
for inhalation into the lungs of the mammal to be treated. 

Injectable formulations of the compositions may contain various carriers 
such as vegetable oils, dimethylacetamide, dimethylformamide, ethyl lactate, ethyl 



wo 99/33871 



PCT/US98/27918 



-44- 

carbonate, isopropyl myristate, ethanol, polyols (glycerol, propylene glycol, liquid 
polyethylene glycol, and the like). For intravenous injections, water soluble 
versions of the compounds may be administered by the drip method, whereby a 
pharmaceutical formulation containing the antibacterial agent and a physiologically 
5 acceptable excipient is infused. Physiologically acceptable excipients may include, 
for example, 5% dextrose, 0.9% saline. Ringer's solution or other suitable 
excipients. Intramuscular preparations, a sterile formulation of a suitable soluble 
salt form of the compounds can be dissolved and administered in a pharmaceutical 
excipient such as Water- for-Injection, 0.9% saline, or 5% glucose solution. A 

10 suitable insoluble form of the compound may be prepared and administered as a 
suspension in an aqueous base or a pharmaceutically acceptable oil base, such as an 
ester of a long chain fatty acid, (e.g., ethyl oleate). 

A topical semi-solid ointment formulation typically contains a concentration 
of the active ingredient from about 1 to 20%, e.g., 5 to 10% in a carrier such as a 

15 pharmaceutical cream base. Various formulations for topical use include drops, 
tinctures, lotions, creams, solutions, and ointments containing the active ingredient 
and various supports and vehicles. 

The optimal percentage of the antibacterial agent in each pharmaceutical 
formulation varies according to the formulation itself and the therapeutic effect 

20 desired in the specific pathologies and correlated therapeutic regimens. Appropriate 
dosages of the antibacterial agents can readily be determined by those of ordinary 
skill in the art of medicine by monitoring the mammal for signs of disease 
amelioration or inhibition, and increasing or decreasing the dosage and/or frequency 
of treatment as desired. The optimal amount of the antibacterial compound used 

25 for treatment of conditions caused by or contributed to by bacterial infection may 
depend upon the manner of administration, the age and the body weight of the 
subject and the condition of the subject to be treated. Generally, the antibacterial 
compound is administered at a dosage of 1 to 100 mg/kg of body weight, and 
typically at a dosage of 1 to 10 mg/kg of body weight. 
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Using the transposon-based mutagenesis methods described above, the 
Streptococcus pneumonia genome was mutagenized, and 23 genes were identified 
as being located within operons that are essential for survival of Streptococcus 
5 pneumonia. These genes are listed in Table 1, above, and their nucleic acid and 
amino acid sequences are represented by SEQ ID NOs:l-69, as shown in Figs. 1- 
23. 

Now that each of these genes is known to be located within an operon that 
is essential for survival of Streptococcus, the polypeptides encoded by nucleic acids 
10 located within those operons can be used to identify antibacterial agents by using 
the assays described herein. Other art-known assays to detect interactions of test 
compounds with proteins, or to detect inhibition of bacterial growth also can be 
used with the nucleic acids located within operons containing the GEP genes, and 
gene products and homologs or orthologs thereof. 

15 Other Embodiments 

The invention also features fragments, variants, analogs, and derivatives of 
the GEP polypeptides described above that retain one or more of the biological 
activities of the GEP polypeptides, e.g., as determined in a complementation assay. 
Also included within the invention are naturally-occurring and non-naturally- 

20 occurring allelic variants. Compared with the naturally-occurring GEP gene, 

sequences depicted in Figs. 1-23, the nucleic acid sequence encoding allelic variants 
may have a substitution, deletion, or addition of one or more nucleotides. The 
preferred allelic variants are functionally equivalent to a GEP polypeptide, e.g., as 
determined in a complementation assay. 

25 It is to be imderstood that, while the invention has been described in 

conjunction with the detailed description thereof, the foregoing description is 
intended to illustrate and not limit the scope of the invention, which is defined by 
the scope of the appended claims. Other aspects, advantages, and modifications are 
within the scope of the following clauns. 
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What is claimed is: 

1. An isolated operon comprising a nucleotide sequence, or an allelic 
variant or homolog of the nucleotide sequence, encoding: 

a gepl03 polypeptide comprising the amino acid sequence of SEQ ID NO:l, 
5 as depicted in Fig. 1 ; 

a geplll9 polypeptide comprising the amino acid sequence of SEQ ID 
N0:4, as depicted in Fig. 2; 

a gepll22 polypeptide comprising the amino acid sequence of SEQ ID 
NO: 7, as depicted in Fig. 3; 

10 a gepl315 polypeptide comprising the amino acid sequence of SEQ ID 

NO: 10, as depicted in Fig. 4; 

a gepl493 polypeptide comprising the amino acid sequence of SEQ ID 
NO: 13, as depicted in Fig. 5; 

a gepl507 polypeptide comprising the amino acid sequence of SEQ ID 
15 NO: 16, as depicted in Fig. 6; 

a geplSll polypeptide comprising the amino acid sequence of SEQ ID 
NO: 19, as depicted in Fig. 7; 

a gepl518 polypeptide comprising the amino acid sequence of SEQ ID 
NO:22, as depicted in Fig. 8; 
20 a gepl546 polypeptide comprising the amino acid sequence of SEQ ID 

NO:25, as depicted in Fig. 9; 

a gepl551 polypeptide comprising the amino acid sequence of SEQ ID 
NO:28, as depicted in Fig. 10; 

a gepl561 polypeptide comprising the amino acid sequence of SEQ ID 
25 N0:31, as depicted in Fig. 11; 

a gepl580 polypeptide comprising the amino acid sequence of SEQ ID 
NO:34, as depicted in Fig. 12; 

a gepl713 polypeptide comprising the amino acid sequence of SEQ ID 
NO:37 as depicted in Fig. 13; 
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a gep222 polypeptide comprising the amino acid sequence of SEQ ID 
NO:40, as depicted in Fig. 14; 

a gep2283 polypeptide comprising the amino acid sequence of SEQ ID 
NO:43, as depicted in Fig. 15; 
5 a gep273 polypeptide comprising the amino acid sequence of SEQ ID 

NO:46, as depicted in Fig. 16; 

a gep286 polypeptide comprising the amino acid sequence of SEQ ID 
NO:49, as depicted in Fig. 17; 

a gep31 1 polypeptide comprising the amino acid sequence of SEQ ID 
10 NO:52, as depicted in Fig. 18; 

a gep3262 polypeptide comprising the amino acid sequence of SEQ ID 
NO:55, as depicted in Fig. 19; 

a gep3387 polypeptide comprising the amino acid sequence of SEQ ID 
NO:58, as depicted in Fig. 20; 
15 a gep47 polypeptide comprising the amino acid sequence of SEQ ID NO:61, 

as depicted in Fig. 21; 

a gep61 polypeptide comprising the amino acid sequence of SEQ ID NO:64, 
as depicted in Fig. 22; or 

a gep76 polypeptide comprising the amino acid sequence of SEQ ID NO:67, 
20 as depicted in Fig. 23. 

2. An isolated nucleic acid molecule comprising a nucleic acid sequence 
selected from the group consisting of: 

(1) an operon comprising the sequence of SEQ ID N0:2, as depicted in Fig. 
1 , or degenerate variants thereof; 
25 (2) an operon comprising the sequence of SEQ ID N0:2, or degenerate 

variants thereof, wherein T is replaced by U; 

(3) nucleic acids complementary to (1) and (2); 
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(4) fragments of (1), (2), and (3) that are at least 15 base pairs in length and 
which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID N0:1; 

(5) an operon comprising the sequence of SEQ ID NO:5, as depicted in Fig. 
5 2, or degenerate variants thereof; 

(6) an operon comprising the. sequence of SEQ ID N0:5, or degenerate 
variants thereof, wherein T is replaced by U; 

(7) nucleic acids complementary to (5) and (6); 

(8) fragments of (5), (6), and (7) that are at least 15 base pairs in length and 
10 which hybridize under stringent conditions to genomic DNA encoding the 

polypeptide of SEQ ID N0:4; 

(9) an operon comprising the sequence of SEQ ID N0:8, as depicted in Fig. 
3, or degenerate variants thereof; 

(10) an operon comprising the sequence of SEQ ID N0:8, or degenerate 
1 5 variants thereof, wherein T is replaced by U; 

(11) nucleic acids complementary to (9) and (10); 

(12) fragments of (9), (10), and (11) that are at least 15 base pairs in length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID N0:7; 

20 (13) an operon comprising the sequence of SEQ ID NO:l 1, as depicted in 

Fig. 4, or degenerate variants thereof; 

(14) an operon comprising the sequence of SEQ ID NO: 11, or degenerate 
variants thereof, wherein T is replaced by U; 

(15) nucleic acids complementary to (13) and (14); and 

25 (16) fragments of (13), (14). and (15) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO: 10; 



wo 99/33871 



PCT/US98/27918 



- 49 - 

(17) an operon comprising the sequence of SEQ ID NO:14, as depicted in 
Fig. 5, or degenerate variants thereof; 

(18) an operon comprising the sequence of SEQ ID NO: 14, or degenerate 
variants thereof, wherein T is replaced by U; 

5 (19) nucleic acids complementary to (17) and (18); 

(20) fragments of (17), (18), and (19) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:13; 

(21) an operon comprising the sequence of SEQ ID NO: 17, as depicted in 
10 Fig. 6, or degenerate variants thereof; 

(22) an operon comprising the sequence of SEQ ID NO: 17, or degenerate 
variants thereof, wherein T is replaced by U; 

(23) nucleic acids complementary to (21) and (22); 

(24) fragments of (21), (22), and (23) that are at least 15 base pairs in 

15 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO: 16; 

(25) an operon comprising the sequence of SEQ ID NO:20, as depicted in 
Fig. 7, or degenerate variants thereof; 

(26) an operon comprising the sequence of SEQ ID NO:20, or degenerate 
20 variants thereof, wherein T is replaced by U; 

(27) nucleic acids complementary to (25) and (26); 

(28) fragments of (25), (26), and (27) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO: 19; 

25 (29) an operon comprising the sequence of SEQ ID NO:23, as depicted in 

Fig. 8, or degenerate variants thereof; 



wo 99/33871 



PCT/US98/27918 



- 50- 

(30) an operon comprising the sequence of SEQ ID NO:23, or degenerate 
variants thereof, wherein T is replaced by U; 

(31) nucleic acids complementary to (29) and (30); and 

(32) fragments of (39), (30), and (31) that are at least 15 base pairs in 

5 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:22; 

(33) an operon comprising the sequence of SEQ ID NO:26, as depicted in 
Fig. 9, or degenerate variants thereof; 

(34) an operon comprising the sequence of SEQ ID NO:26, or degenerate 
10 variants thereof, wherein T is replaced by U; 

(35) nucleic acids complementary to (33) and (34); 

(36) fragments of (33), (34), and (35) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:25; 

15 (37) an operon comprising the sequence of SEQ ID NO:29, as depicted in 

Fig. 10, or degenerate variants thereof; 

(38) an operon comprising the sequence of SEQ ID NO:29, or degenerate 
variants thereof, wherein T is replaced by U; 

(39) nucleic acids complementary to (37) and (38); 

20 (40) fragments of (37), (38), and (39) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:28; 

(41) an operon comprising the sequence of SEQ ID NO:32, as depicted in 
Fig. 11, or degenerate variants thereof; 
25 (42) an operon comprising the sequence of SEQ ID NO:32, or degenerate 

variants thereof, wherein T is replaced by U; 

(43) nucleic acids complementary to (41) and (42); 
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(44) fragments of (41), (42), and (43) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID N0:31; 

(45) an operon comprising the sequence of SEQ ID NO:35, as depicted in 
5 Fig. 12, or degenerate variants thereof; 

(46) an operon comprising the sequence of SEQ ID NO:35, or degenerate 
variants thereof, wherein T is replaced by U; 

(47) nucleic acids complementary to (45) and (46); and 

(48) fragments of (45), (46), and (47) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:34; 

(49) an operon comprising the sequence of SEQ ID NO:38, as depicted in 
Fig. 13, or degenerate variants thereof; 

(50) an operon comprising the sequence of SEQ ID NO:38, or degenerate 
15 variants thereof, wherein T is replaced by U; 

(51) nucleic acids complementary to (49) and (50); 

(52) fragments of (49), (50), and (51) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:37; 

20 (53) an operon comprising the sequence of SEQ ID NO:41, as depicted in 

Fig. 14, or degenerate variants thereof; 

(54) an operon comprising the sequence of SEQ ID NO:41, or degenerate 
variants thereof, wherein T is replaced by U; 

(55) nucleic acids complementary to (53) and (54); 

25 (56) fragments of (53), (54), and (55) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:40; 
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(57) an operon comprising the sequence of SEQ ID NO:44, as depicted in 
Fig. 15, or degenerate variants thereof; 

(58) an operon comprising the sequence of SEQ ID NO:44, or degenerate 
variants thereof, vi^herein T is replaced by U; 

5 (59) nucleic acids complementary to (57) and (58); 

(60) fragments of (57), (58), and (59) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:39; 

(61) an operon comprising the sequence of SEQ ID NO:47, as depicted in 
10 Fig. 16, or degenerate variants thereof; 

(62) an operon comprising the sequence of SEQ ID NO:47, or degenerate 
variants thereof, wherein T is replaced by U; 

(63) nucleic acids complementary to (61) and (62); and 

(64) fragments of (61), (62), and (63) that are at least 15 base pairs in 

15 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:46; 

(65) an operon comprising the sequence of SEQ ID NO:50, as depicted in 
Fig. 17, or degenerate variants thereof; 

(66) an operon comprising the sequence of SEQ ID NO:50, or degenerate 
20 variants thereof, wherein T is replaced by U; 

(67) nucleic acids complementary to (65) and (66); 

(68) fragments of (65), (66), and (67) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:49; 

25 (69) an operon comprising the sequence of SEQ ID NO:53, as depicted in 

Fig, 18, or degenerate variants thereof; 
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(70) an operon comprising the sequence of SEQ ID NO:53, or degenerate 
variants thereof, wherein T is replaced by U; 

(71) nucleic acids complementary to (69) and (70); 

(72) fragments of (69), (70), and (71) that are at least 15 base pairs in 

5 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:52; 

(73) an operon comprising the sequence of SEQ ID NO:56, as depicted in 
Fig. 19, or degenerate variants thereof; 

(74) an operon comprising the sequence of SEQ ID NO: 56, or degenerate 
10 variants thereof, wherein T is replaced by U; 

(75) nucleic acids complementary to (73) and (74); 

(76) fragments of (73), (74), and (75) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:55; 

15 (77) an operon comprising the sequence of SEQ ID NO:59, as depicted in 

Fig. 20, or degenerate variants thereof; 

(78) an operon comprising the sequence of SEQ ID NO:59, or degenerate 
variants thereof, wherein T is replaced by U; 

(79) nucleic acids complementary to (77) and (78); and 

20 (80) fragments of (77), (78), and (79) that are at least 15 base pairs in 

length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:58; 

(81) an operon comprising the sequence of SEQ ID NO:62, as depicted in 
Fig. 21, or degenerate variants thereof; 
25 (82) an operon comprising the sequence of SEQ ID NO:62, or degenerate 

variants thereof, wherein T is replaced by U; 

(83) nucleic acids complementary to (81) and (82); 
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(84) fragments of (81), (82), and (83) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID N0:61; 

(85) an operon comprising the sequence of SEQ ID NO:65; as depicted in 
5 Fig. 22, or degenerate variants thereof; 

(86) an operon comprising the sequence of SEQ ID NO:65, or degenerate 
variants thereof, wherein T is replaced by U; 

(87) nucleic acids complementary to (85) and (86); 

(88) fragments of (85), (86), and (87) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:66; 

(89) an operon comprising the sequence of SEQ ID NO:68, as depicted in 
Fig. 23, or degenerate variants thereof; 

(90) an operon comprising the sequence of SEQ ID NO:68, or degenerate 
15 variants thereof, wherein T is replaced by U; 

(91) nucleic acids complementary to (89) and (90); and 

(92) fragments of (89), (90), and (91) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:67. 

20 3. An isolated operon from Streptococcus comprising a nucleotide sequence 

that is at least 85% identical to a nucleotide sequence selected from the group 
consisting of 

SEQ ID N0:2; 
SEQ ID N0:5; 
25 SEQ ID N0:8; 

SEQ IDNOrll; 
SEQ ID NO: 14; 
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SEQ 


ID 


NO: 17; 


SEQ 


ID 


NO:20; 


SEQ 


ID 


NO:23; 


SEQ 


ID 


NO:26; 


SEQ 


ID 


NO:29; 


SEQ 


ID 


NO:32; 


SEQ 


ID 


NO:35; 


SEQ 


ID 


NO:38; 


SEQ 


ID 


N0:41; 


SEQ 


ID 


NO:44; 


SEQ 


ID 


NO:47; 


SEQ 


ID 


NO:50; 


SEQ 


ID 


NO:53; 


SEQ 


ID 


NO:56; 


SEQ 


ID 


NO:59; 


SEQ 


ID 


NO:62; 


SEQ 


ID 


NO:65; 


SEQ 


ID 


NO:68. 



4. An isolated nucleic acid molecule that is at least 15 base pairs in length 
20 and hybridizes under stringent conditions to a nucleotide sequence selected from 
the group consisting of 

SEQ ID N0:2; 

SEQ ID N0:5; 

SEQ ID NO:8; 
25 SEQIDNOrll; 

SEQ ID NO: 14; 

SEQ ID NO: 17; 

SEQ ID NO:20; 

SEQ ID NO:23; 
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SEQ ID NO:26; 




SEQ ID NO:29; 




SEQ ID NO:32; 




SEQ ID NO:35; 


5 


SEQ ID NO:38; 




SEQ ID NO:41; 




SEQ ID NO:44; 




SEQ ID NO:47; 




SEQ ID NO:50; 


10 


SEQ ID NO:53; 




SEQ ID NO:56; 




SEQ ID NO:59; 




SEQ ID NO:62; 




SEQ ID NO:65; 


15 


SEQ ID NO:68. 



5. A vector comprising an operon of claim 1. 

6. A vector comprising a nucleic acid molecule of claim 2. 

7. An expression vector comprising an operon of claim 1 operably linked 
to a nucleotide sequence regulatory element that controls expression of said operon. 

8. An expression vector comprising a nucleic acid molecule of claim 2, 
wherein said nucleic acid molecule is operably linked to a nucleotide sequence 
regulatory element that controls expression of said nucleic acid. 

9. A host cell comprising an exogenously introduced operon of claim 1. 
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10. A host cell comprising an exogenously introduced nucleic acid 
molecule of claim 2. 

11. A host cell of claim 9, wherein the cell is a yeast or bacteriimi. 

12. A host cell of claim 10, wherein the cell is a yeast or bacterium. 

5 13. A genetically engineered host cell comprising an operon of claim 1 

operably linked to a heterologous nucleotide sequence regulatory element that 
controls expression of the operon in the host cell. 

14. A host cell of claim 13, wherein the cell is a yeast or bacterium. 

15. A genetically engineered host cell comprising a nucleic acid molecule 
10 of claim 2 operably linked to a nucleotide sequence regulatory element that controls 

expression of the nucleic acid in the host cell. 

16. A host cell of claim 15, wherein the cell is a yeast or bacterium. 

17. An isolated operon comprising a nucleotide sequence encoding a 
polypeptide comprising an amino acid sequence selected from the group consisting 

15 of: 

the amino acid sequence of SEQ ID N0:1, as depicted in Fig. 1; 
the amino acid sequence of SEQ ID N0:4, as depicted in Fig. 2; 
the amino acid sequence of SEQ ID N0:7, as depicted in Fig. 3; 
the amino acid sequence of SEQ ID NO: 10, as depicted in Fig. 4; 
20 the amino acid sequence of SEQ ID NO: 13, as depicted in Fig. 5; 

the amino acid sequence of SEQ ID NO: 16, as depicted in Fig. 6; 
the amino acid sequence of SEQ ID NO: 19, as depicted in Fig. 7; 
the amino acid sequence of SEQ ID NO:22, as depicted in Fig. 8; 
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sequence 


01 bEQ 


ID 


NO:25, 


sequence 


01 bEQ 


ID 


NO:28, 


sequence 


or bh^l 


ID 


NO:31, 


sequence 


01 bby 


ID 


NO:34, 


sequence 


01 SEQ 


ID 


NO:37, 


sequence 


OI bhi^ 


ID 


NO:40, 


sequence 


01 bEQ 


ID 


NO:43, 


sequence 


01 bEQ 


ID 


NO:46, 


sequence 


OI SEQ 


ID 


NO:49, 


sequence 


01 SEQ 


ID 


NO:52, 


sequence 


of SEQ 


ID 


NO:55, 


sequence 


of SEQ 


ID 


NO:58, 


sequence 


of SEQ 


ID 


N0:61, 


sequence 


of SEQ 


ID 


NO:64, 


sequence 


of SEQ 


ID 


NO:67, 



as 


depicted 


in 


Fig. 9; 


as 


depicted 


in 


Fig. 10; 


as 


depicted 


in 


Fig. 11; 


as 


depicted 


in 


Fig. 12; 


as 


depicted 


in 


Fig. 13; 


as 


depicted 


in 


Fig. 14; 


as 


depicted 


in 


Fig. 15; 


as 


depicted 


in 


Fig. 16; 


as 


depicted 


in 


Fig. 17; 


as 


depicted 


in 


Fig. 18; 


as 


depicted 


in 


Fig. 19; 


as 


depicted 


in 


Fig. 20; 


as 


depicted 


in 


Fig. 21; 


as 


depicted 


in 


Fig. 22; 


as 


depicted 


in 


Fig. 23. 



18. An isolated polypeptide encoded by a nucleic acid located within an 
operon comprising a nucleic acid sequence selected from the group consisting of 
SEQ ID NO: 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38, 41, 44, 47, 50, 53, 56, 
59, 62, 65, and 68. 

19. An isolated polypeptide, said polypeptide being encoded by an operon 
of claim 1 . 

20. An isolated polypeptide, said polypeptide being encoded by a nucleic 
acid molecule of claim 2. 



21. An isolated polypeptide, said polypeptide being encoded by an 
25 operon of claim 3. 
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22. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a test compound with a polypeptide, or a homolog of a 
polypeptide, encoded by a nucleic acid sequence located within an operon 
comprising a GEP gene selected from the group consisting of gepl03, gepl 1 19, 

5 gepll22, gepl315, gepl493, gepl507, geplSll, gepl518, gepl546, gepl551, 
gepl561, gepl580, gepl713, gep222, gep2283, gep273, gep286, gep311, gep3262, 
gep3387, gep47, gep61, and gep76; and 

(b) detecting binding of the test compound to the polypeptide, wherein 
binding indicates that the test compound is an antibacterial agent. 

10 23. The method of claim 22, further comprising: 

(c) determining whether a test compound that binds to the polypeptide 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
a test compound that binds to the polypeptide, wherein inhibition of growth 
indicates that the test compound is an antibacterial agent. 

15 24. The method of claim 22, wherein the polypeptide is selected from the 

group consisting of gepl03, geplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, gepl713, gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, gep61, and gep76. 

25. The method of claim 22, wherein the test compound is immobilized on 
20 a substrate, and binding of the test compound to the polypeptide is detected as 

immobilization of the polypeptide on the immobilized test compound. 

26. The method of claim 25, wherein immobilization of the polypeptide on 
the test compound is detected in an immunoassay with an antibody that specifically 
binds to the polypeptide. 
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27. The method of claim 22, wherein the test compound is selected from 
the group consisting of polypeptides and small molecules. 

28. The method of claim 22, wherein: 

(a) the polypeptide is provided as a fusion protein comprising the 

5 polypeptide fused to (i) a transcription activation domain of a transcription factor or 
(ii) a DNA-binding domain of a transcription factor; and 

(b) the test compound is a polypeptide that is provided as a fusion protein 
comprising the test polypeptide fused to (i) a transcription activation domain of a 
transcription factor or (ii) a DNA-binding domain of a transcription factor, to 

1 0 interact with the fusion protein; and 

(c) binding of the test compound to the polypeptide is detected as 
reconstitution of a transcription factor. 



29. An antibody that specifically binds to a GEP polypeptide of claim 19. 



30. An antibody of claim 29, wherein the antibody is a monoclonal 
15 antibody. 



31. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a polypeptide encoded by a nucleic acid located within an 
operon comprising a GEP gene with a test compound; 

(b) detecting a decrease in function of the polypeptide contacted with the 
20 test compound; and 

(c) determining whether a test compoimd that decreases function of a 
contacted polypeptide inhibits growth of bacteria, relative to growth of bacteria 
cultured in the absence of a test compound that decreases function of a contacted 
polypeptide, wherein inhibition of growth indicates that the test compound is an 

25 antibacterial agent. 
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32. The method of claim 31, wherein the polypeptide is selected from the 
group consisting of gepl03, geplll9, gepll22, gepl315, gepl493, gepl507, 
geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, gepl713, gep222, 
gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, gep61, and gep76. 

5 33. The method of claim 31, wherein the test compound is selected from 

the group consisting of polypeptides and small molecules. 

34. A method for identifying an antibacterial agent, the method comprising: 

(a) contacting a nucleic acid comprising an operon containing a gene 
encoding a GEP polypeptide with a test compound, wherein the GEP polypeptide is 

10 selected from the group consisting of gepl03, gepll 19, gepl 122, gepl315, 
gepl493, gepl507, geplSll, gepl518, gepl546, gepl551, gepl561, gepl580, 
gepl713, gep222, gep2283, gep273, gep286, gep311, gep3262, gep3387, gep47, 
gep61, and gep76; and 

(b) detecting binding of the test compound to the nucleic acid, wherein 
15 binding indicates that the test compound is an antibacterial agent. 

35. The method of claim 34, further comprising: 

(c) determining whether a test compound that binds to the nucleic acid 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
the test compound that binds to the nucleic acid, wherein inhibition of growth 

20 indicates that the test compound is an antibacterial agent. 

36. The method of claim 34, wherein the test compound is selected from 
the group consisting of polypeptides and small molecules. 

37. An isolated nucleic acid or an allelic variant thereof encoding: 

a gepl 493 polypeptide comprising the amino acid sequence of SEQ ID 
25 NO: 13, as depicted in Fig. 5; 
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a gepl507 polypeptide comprising the amino acid sequence of SEQ ID 
NO: 16, as depicted in Fig. 6; 

a gepl546 polypeptide comprising the amino acid sequence of SEQ ID 
NO:25, as depicted in Fig. 9; 
5 a gep273 polypeptide comprising the amino acid sequence of SEQ ID 

NO:46, as depicted in Fig. 16; 

a gep286 polypeptide comprising the amino acid sequence of SEQ ID 
NO:49, as depicted in Fig. 17; or 

a gep76 polypeptide comprising the amino acid sequence of SEQ ID NO:67, 
10 as depicted in Fig. 23. 

38. An isolated nucleic acid comprising a sequence selected from the group 
consisting of: 

(1) SEQ ID NO: 14, as depicted in Fig, 5, or degenerate variants thereof; 

(2) SEQ ID NO: 14, or degenerate variants thereof, wherein T is replaced by 

15 U; 

(3) nucleic acids complementary to (1) and (2); 

(4) fragments of (1), (2), and (3) that are at least 15 base pairs in length and 
which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO: 13; 

20 (5) SEQ ID NO: 17, as depicted in Fig. 6, or degenerate variants thereof; 

(6) SEQ ID NO: 17, or degenerate variants thereof, wherein T is replaced by 

U; 

(7) nucleic acids complementary to (5) and (6); 

(8) fragments of (5), (6), and (7) that are at least 15 base pairs in length and 
25 which hybridize under stringent conditions to genomic DNA encoding the 

polypeptide of SEQ ID NO: 16; 

(9) SEQ ID NO:26, as depicted in Fig. 9, or degenerate variants thereof; 

(10) SEQ ID NO:26, or degenerate variants thereof, wherein T is replaced 

by U; 
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(1 1) nucleic acids complementary to (9) and (10); 

(12) fragments of (9), (10), and (11) that are at least 15 base pairs in length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO:25; 

5 (13) SEQ ID NO:47, as depicted in Fig. 16, or degenerate variants thereof; 

(14) SEQ ID NO:47, or degenerate variants thereof, v^'herein T is replaced 

byU; 

(15) nucleic acids complementary to (13) and (14); 

(16) fragments of (13), (14), and (15) that are at least 15 base pairs in 

10 length and which hybridize under stringent conditions to genomic DNA encoding 
the polypeptide of SEQ ID NO:46; 

(17) SEQ ID NO:50, as depicted in Fig. 17, or degenerate variants thereof; 

(18) SEQ ID NO:50, or degenerate variants thereof, wherein T is replaced 

byU; 

15 (19) nucleic acids complementary to (i) and (j); 

(20) fragments of (i), (j), and (k) that are at least 15 base pairs in length 
and which hybridize under stringent conditions to genomic DNA encoding the 
polypeptide of SEQ ID NO:49; 

(21) SEQ ID NO:68, as depicted in Fig. 23, or degenerate variants thereof; 
20 (22) SEQ ID NO:68, or degenerate variants thereof, wherein T is replaced 

byU; 

(23) nucleic acids complementary to (21) and (22); and 

(24) fragments of (21), (22), and (23) that are at least 15 base pairs in 
length and which hybridize under stringent conditions to genomic DNA encoding 

25 the polypeptide of SEQ ID NO:67. 

39. A method for identifying an antibacterial agent, the method comprising: 
(a) contacting a test compound with a polypeptide, or a homolog of a 

polypeptide, encoded by a nucleic acid sequence located within an operon 

comprising a B-yneS gene; and 
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(b) detecting binding of the test compound to the polypeptide, wherein 
binding indicates that the test compound is an antibacterial agent. 

40. The method of claim 39, further comprising: 

(c) determining whether a test compound that binds to the polypeptide 
inhibits growth of bacteria, relative to growth of bacteria cultured in the absence of 
a test compound that binds to the polypeptide, wherein inhibition of growth 
indicates that the test compound is an antibacterial agent. 
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(SEP X. ,j . TcSSISIIi^JSJ^ 

" ' " " " " ' * - » ' 0 ^ " » » 0 V C X , , o H X t L t V « V L „ 

" ' " " " ^ « » ^ ■« * * " " » t I I S E T . V E E » V . 
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will* 2 



°g=^y*** TCXCTTCTCAATTCTCCaL^ > ^ , - 

cccctctttact«ac*gttaac*cxx;tttg*t^ Joo 
(SEQ ID. NO; A) i ^^^^^aaaatact 

3 0 1 TT GCCfcX TATTGACATrCCCAATCCTACCCTTTTACCGCCr 1 iuLlx nt^Tr-nj-i%M,»,r.hrrTrrr~* ^r-r.-^, ^ 

AA(XCTTATAACTCTAAaarrTACC*TCCaUUaTCCCC(y^TAC»^ 3D0 

" CWlClPHRT VLAPMACVTMSAFRTIAItELCACL 52 



301 



(WlAACXTTACCTTTACCAGAGACTCTTCCCnTACCTTATCTOTTCCr^^ * 00 

53 VVMEMVSDKCIOYHNEKTLHMLHIDEGEMPVSI 85 

A(rrTCTTTTACCACTTCrTCCTTCCACCrrCC»TACACCCA(rrTCCTA^ 600 

" ^ ^ " E * C A M W L K D P D K I r S I I N K V 0 S V L D 1 P is, 

TW^TCXCACTTTTACCCATCGCCCACCCCCCTOraAGAOACCUTCATCTTTTACG^ '0° 

ISJ »--VKMRTCWADPSLAVEHALAAEAAGVSAUAHH IBS 

" * S55STiS5S"5ii^=***^^"*«^ccACcawy^ccr^ 

CCCCCATCMCAC7TCTTTACATATCACCCCTCCCTCr«:AACTCTCGC^ 

I9« C R T P E O H V T C H A D L C T L r K V A 0 A L T K I P r , A » C D 21, 

* " ^ ^ 0 = ^ 0 R I E E V C A D A V H I C R A A K C K P V L r N 252 

.000 

^ ^ " " ^ ^ = ^ ^ ^ ^ ^ P 0 ^ T r E D K H K I A r E H L K R L I K 265 

,,,, 

K C E K V A V R C P R c L A P H Y L R C T S C A A K L R C A I s 0 319 
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rig i (Sheet 1 of 2) 
" ° ' ' ^ ' ° - ^ ^ ^ ' ^ ' = * ^ « c . . : . e . : . , 

FRIVpSw . lYHCCGC ai 

' ' ' " ' " " " " ^ ^ ' « - - - 0 X , K r » p , c V . « 

0 « » » V t V c . . c C L V 0 D K e T 0 V , » „ , , , , , ^ ^ 
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rig. J (Sheet 2 of 2) 

2*9 SElYCEKTEIIWCOtSIOEGVLBYEfSLSPRAF 381 

14 01 TTAT WACTAAATCCTGACCAAXC^GAACTCCTCTATACC^^ , . „ ^ 

AATACTTGXTTTAOGX CILLI i lUiLI iLJ KgACATATCCCTTCCTCATTTTCCCGACCTAauicrA l 1 ILl ILiU^I AAACTAACTCCCJUTJkAalcCT 

282 rOLHPCOTEVLYSEAVKALDVDItEOHLIOAYCC 314 

1501 CnTCCAACGATT«»TTTCCCTrrCCAJUlCAA*CTAA 

CAACCTTCCTAACCTAAACCCAAA LUi t 1l: 1 I CA I i H 1 b iU ACTCTCCATACCTATAATAAOgTCTTCCATAACTTCTACCCTTCCCrrrACC^ 

JlSvcTICFAFAICEVKTLaCHDIIPEAXEDAKRKAKB 348 

1 5 0 1 CAATCCCATTTGACAATACTCATTATCAAGCTCCAACXWCACAACACATTArTCCrC^^ , _ . . 

CTTACCCTAAACTCTTATGACTAATACTTCCACCTTCCCCTCTTCTCTAATAACGACC^ * ^ ° 

349 MCFOMTHYEACTAIElIPRWYrsoyilAOAtlVD 381 

1701 CCCjr CAOTACACCTCTO^ 

WKTOCTCCATCrrCCACACCTACTATTCAATAATCTATGATAACAATCAATACATCCTCTT^^ " 

JB2 PPRTCLDDKLLDT:LTYVPEKHVYISCHVSTLA 414 

2 801 CCrrGATTTCCTACGCTTACTACAACTCTATCATCrrTCATTATATCCAGTCtKITCCATATC^ , ^f.. 
CC^CrAAACCATGCCAATCATCTTCACATACTACAACTAATATAOTCXCCCACCTATACAACCCTCTATC^^ 

4l5RDLVRLV EVYDLHYI0SVDMFPHTARTEAVV|tLI 448 

1901 TAACAAAACTTTAAAXAACTACTTCACAAACrrrCAAAACACTCTAT^ 3 n n o 
ATTCTTTTCXAATTTTTTCATCAACTCTTTCAAACrTTTCTGACATATTAT^^ 



200; ACCCCTrrrCArecCGCTAACACKKrrrCCAATCCCGTACXX^CTXTCCTATCrrCC^ 208 4 

T«:CCAAAACTGCCCCCA7TGTGCCCJUCCrrACGGCATCCC7CA7ACCATACAACGCCAACCTTCTCAACTACT^ 
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(SEQ ID NO: 11) i ^5JSSIJET^'^™^*"^*TcrrAc^ . 
(SEQ ID NO: 12) 

(SEQ ID NO:lO) ^ hhkillieddovirqis 

" " ° ' »- »• C V H W C 0 E I R r 1 S K V P I M P L S S « D » 



402 



SO 
116 



e3 O^HBIVH.IHHCADDrVTKrrDOOVLLAKveOL 115 

' " * " ' ' ^ = » " » - = » » = V I L K I X S M D L H V 0 C 0 V U» 

".^^ .0. 

ISO >. » ^ T « » E r c : L R V t r r H A O » I V * R D D L H R I u » „ ,„ 

"S??SIIII§?S=c?IS§li^ .00 

' » ' " ' " " ^ ^ = - « ^' A . L P K K L Z E 0 0 L V o r I E T K ,15 

bo: AAACC^ATACCCTACCCATTCAACCATCCrrCArrGGAAACAA 'TA-ecTJL-F-rr-rTr";-rirT .-. . * 

ZltKCICYCLKHA* 

336 



90 : CCA' 
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9«P149J rig. S 



(SEQ ID NO. 1 A) J TAAAGfcCACTCKlMCGXCCJU^CACCrrCCCCATrrrACGTAAaAAAOCT^ 

(SEQ ID NO: 15) A i U C 1 e xe c a l U L l U. l lUI L. GX*CCCCTAAAATCCfcTTCTTTCCfcCCATACgnTCCfU^ A U LL 1 1 U »fcTCCTTCCGllc 

(SEQ ID NO: 13) l KDXCT THTPtXLCICItACMATFV IDrrKOTLXTL 



33 



101 CTTCTOATTATrrrrCATCrACAACC U. .WLiLLiLlL A ILHi UAL I HI tA*L I U H XTCCCCeATA LL 1 1 LLL 1 ATeTTTerAfv*^TTT ^A AGCTr 300 
CAACGCTAATAAAJUCTACA iU U LLU CAAAGACGAOKn^ACiUUlCCTOAAAACaUtCAXTASCCCgrAT^^ 

34LPXirELOCVSPLXFCLLAVICRTFPirAGFKCC «7 

2 01 CTAAUaCT<jTCaCAACCA(«rCC2T>CASTCAt T rTCQGA J I IGCCCCIATCI TC'TUICICIXCCTIUCUATTXICI H_l I lUGACTCTCATATCTTOCCAC 300 

CATTCCCACAC Cl* 1 i U* i C ACCACCTCJUITAAAACCCTAAACCaaSATACJUfcGACJtfaCATX^^ 

KAVATSACVIfCFAPirCLYLAlirrCLfiYLCS 100 

3 01 TATtUTrTCACTCTCTXCTCTCACACCATCCA 1 L U i: a;C f m 1 A )44 

ATACTAAACTCACACATCACAO 1 U i LU 1 ACCTXOCSCCCACAAT 

101 MISLSSVTA5IAAV 114 



wo 99/33871 



7 / 30 



PCT/US98/27918 



9»pl507 fig. C 

(SEQ ID NO: 17) l CTAAACMrWUlTTGAATtaUUUUrrATAJUU^TTAAATCCTCrJlTCTTAaTO io_ 
(SEQ ID NO* 18) «^T"CCXTTTAACTTXCrrTrCXTATTTTAATTTACCACXTACAATGT«XOT 

(SEQ ID NO: 16) ^ MKSXICLIIALSYMCISVLHlirPILTCTrV29 

lOX TCCCCC L T C l H ILp CJlCCCJUCTGACTATPerrrACTrCAACrCACnrCAC^ 1 1 1 ILI iuLLUi i iU CAACTTATCCrCTCTATAACTA 200 

ACCGCC«CA(yUiCCT(WCTTtyiCIGATACCAATCAACTTCACT 

30 AKVLDRTDYCYPHSVDTZLSFrLPFATYCVYMY C3 

3 01 CGCTTrAACCCCTATCACTAATOTCAACSGATAACAAAAAACATCrrAACJUa^ U i 1 J ATTTgTCCATCCCrrCTACCATTTreACC 30O 

CCCAAATTCCCGATACTCATTACACTTCCTA l lUU i 1 1 I CTAGA Al lUl tl iU iAAAACATCAGAAAAAATAAACACgTASCCAACATCCTAAAACrGC 

<3 CLRAlSHVKOKJtrOLHRTFSSLPYLCXACTlLT »5 

JOl ACTGCTCrrcrATATCCTACCCTATCCTCTCrrrTTTACTWTAATCCAAi^ 

TCAaaCACATATACCATCKSATACGACACAAGAAATGACTATTAC»TTACCACTTTT7CC^ 

9€ TAVY I LAYPLFFTDHPIVKKVYLVMCIOLIAOIF 139 

4 01 TTTCAATCCAATCCCTCAATCAACCrCTCGAAAATTACA L J IH 1 1 I aCAAAACTCC 4 C 0 

AAACTTAGCrrACCCAgrrACTTCGACAC L; : ; l AATCTCAAACACAAAAT Gi 1 1 iV^ XCC 

130 SlEWVHEALEHYSFSrTRL 148 
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:SEQ ID NO: 20) ^ ^li^THt^^!^'^'^^^^'^*^'^'^^^ 

(SEQ ID NO" 21) °*=**^***^*^"**="***«^«^^*<=*™*^*****TAcc^^ 



;SEQ ID NO: 19 ) 1 



CCCrCATCCCTACGTCTAX(nTTTTTauiAXTTCCCCGT«CAC«»TAC^^ 



"OIOKSFKCOSPYCKLYLVATPICHLODKT 



300 
JO 



3 0 1 TrromiCTATCCACACCrTCAAACAACTCCACTOGATTCCTCCI^^ 

AAACCACGATAWrrCTMAACTTTCTTCACCTCUCCTAACCWayiCTCCTATCCCCC^ 

^l»'«*»OTLICEVDW|AAEOT»KTGLLLKHFDtSTKO 



300 
€4 



^ ^ ^ *E^TS^gTTTTg*T^g^g^^^C^**Q gAAAAAA TTCCTCATTTCA l iuol I I lUA MGCXtXXCAJJ^CTKmCTa^C^ 
TCTAGTCAAAACTACTCCTCrrTACXrrTTCCTTTTTTAA©^ 

*5 IS^HSHMAIltlCIPDLlCrLltACOSIAOVSDACL 



400 

»7 



CCCATCCTAAACTCTCKWACCACTACTAAATCAATTCCCTCGATAACTCCTTCrTTAAOT 
'8 PSISDPGHDLVKAAIEEEIAVVTVPCTSAGISA 



SOO 
130 



AACTAACtWTCACCAAATCCCCCTCTCCCTCTATACAAAATCCCJUUUOUiTGCCTCTTTTACT 
lULIASGLAPOPHIFycrLPRKSCOOKOFFCSKKDY 



600 
3«4 



TACGACTTTCTGTCTAAAAAATACTTACTCCACTACCACATCCTCTCTCCAACCTT^ 

PETOiryESPMRVADTlENMLEVYCDRSVVLVR 



700 
H7 



* * AACTCCTTTTACATACTTCTTATGCTTTCrCCATGTTAAACACrrAACCACCTTTCCTAGACACTTTC^ 



SOO 



KIVCCYORCT'.SE 



ESISETSLKGECLLI 



CAACTTCCACCCTCCTTTCCACACCTrCTTTTCCTArrcrTTCTGAACAACAATCTTTAC^ 

jjivecaskcveekceedlfleicabiooghkkwoa: 



900 
364 



9 0 : TTAAC GAAA T ACCTAACATTTACCACTCC AATAACACT C»« w * w * * v**-^ * (-Ai.\iAirrGW*AAGA**AAaWTAAAGGGACACAGGAT«rrjLlT 
AA . . -=TTTATCCATTCTAAAT0CTCACC7TATTCTCACrrCACATCCCACCCATCCTCCTCACCCTTC^^ 

*EXAItXYO**HKSCLYAAyHOWEEKO* 



lOOQ 
390 
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Fig • (Sheet 1 of 2) 

(SEQ ID NO: 23 ) i aiocli iu.i i fcAAXAAyarcccAATCCTCTTTJuurrcw 
(SEQ ID NO: 24) T*cc«AccAATTrrrr7CCAcarrrAC«<UAXTTCACOT 



100 



1 0 1 TTAATTTGAAACCTTTAGCTTCTGCTATAATXWTrrATCCiATA , . . 
AATTAAACTTTGCXAATCCAACACCATATTATCTAAATACCTATTTTTTATACTTTT^ 

(SEQ ID NO: 22 )i ndkkyekisodlgvtlkoiot 21 

201 grrCTAACrn-GACAGCTC^ACgXiaUCTATTCCCTTTATCCCCCCTTATCg ... 
CAACATTCAAACTCTCCALl 1 LLLU^LT U ATAAgCGAAATACCCCCCAATAS CUl ILt - l^l ACTGACCATCAGACCrACTCCACCCCTAATTCCCATAAT 

jaVLSLTAECATIfriARTRKOMTCSLDEVAlKAI I 55 

3 0 1 TTCArrrCGATAAAACTCTGACAAATCTCAATCACarrAACGAACCTCTm . ^ . 

AACTAAACCTArrrrCACACTCTTTACACTrACTCWy^TrCCTTCGAaWyU^TCG^ • " ' 

" Dt-OKSLTHLMDRKEAVLAKIOEQCKLTKELEEA B« 

4 0 1 TXTCTTA(rrTCCCCAAAAATTACCA(»CCTTCAACAACTCT ATCTTCCTTATAACGAAA^ 5 ^ 0 

ATACAATCAACCCCTTTTTAATCXrr CrCCAACTT CTTCJ«;ATAGAACGAATArrCCTT7T CCCAGCATCarrTC LU AACOqcCACTTCCACCTGAC 

ILVAEKLADVEELYLPYICEKBRTKATrAIlEACL 121 

501 TTTCCrcrrCCTCCTTTCATTlTCCACAATXTACTTCACTTACACAAACyu^ 

AAAGGACAACGAGCXAACTAAAACCTCTTATATCXACraUlTCTCTrTCTTCCAC^ ***** 

UarPtARLILOHIVDLEREAEKFVCECFATCKEALT ISS 

to: CCCCrrCCACTTGATATTTTCGTCCUACCCTTATCCGAACATCTCACCTTSCinTCTATCACTTAT^ ,(,0 
CCCCACCTCAA CTATAAAACCACCTTCCOAATACCrrrCTAOlCTCaAACCCAACyiTACTCAATACrrCCTTCACCAC^^ 

1S6 CAVDILVEALSEOVTLRSMTYOEVLRHSKLTSO IBS 
iCCCAAGCATGAAACTCTTCATCAAAA 

TCCCTTCrTACTTTCACAACrAH I i I L'J I CCAAAAACTCTAAATAATACTAAAAACTC7CTCTCAACCTTCATACGT rCCUATACCATCX^fcACCCACAC 

18» ''KDESLDEKOVro:TYOFSE7VGTMOCYRTLAL 231 

i*75«^«»CACAAACrTCCTCrrCTTCAACATCarrT^ -0- 
TTACCACCCCTCTTTCAACCACACAACTTCTACCCAAAACTrCTACCCTCCCTTCCATAAGAAO^ 

::jNRCER:.GVLKICrEHATOR : - AFFATRrrVKMAY 255 

TATAACTACTTCAACXACTCCTTACCCAATTCrrTTTCCACAACCCACCATAACTCCCACCAT 

25i IDEVVOOSVKKKVLPAIERRIRTELTKKACECA 2BI 

' ° ' ' IirES^r"'"'^'^"'g^5^^°'^"*''''^'^ ^^ * t^ CTCeACTCAAACQCCCarrCCTTCTTTOATTTCACCa^ 1 1 Lt. I A CACCTCtr- 1100 
ATAOCTTGAAAAAACACTOfTACACCCCTTAGACCACAACCAACCAOCTGACrrrCCCC 

^CLFSCWLRKLLLVAFLKGRVVLCrDPAfRTCA 321 

TTCAATCCUCACCACCTACCTTCTCrTrrTTACCUCrCTTSACTCCAATAAATACC^ 

):r r. L A V V D A T C K M t T T 0 V : Y F V K P A S A R 0 I E E A K K D 355 

12:: *'^*CCACATTT AATTCCTCAATACOCTCTACAC ATTArTCCCATTCCAAATG<MUlCC^ . , , * * 

YAAATCGTCTAAArTAACCAGTTATGCCACATCTCTAA7AACOCTAACCrr7ACCTT=Cr« ' ' 

*" -* = -^=CYCVE:2AICNCTASRESEAFVAEVLK 388 
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Pig. a (Sheet 2 of 2) 10/30 

.* * ;;^^*g^*<n^^CTXTCTTXTCCTT<ATCW C I CC i 1 L ' l \ ^ I (■ I ATTCTCCeACCCXX i. 1 iULl CI. 1 t- XC^lxm^f'^^rn^^^r^ ' , * 

TCTAAAOOGACTTCfcCTCCXTAOUTJU^aulTTACrrrCACaiC^^ 1*00 

Je» DFPEVSYVIVWESCASVTSASKLAROEFPDLTV 431 

42aEKRSAISlAIlHLQDPLAlLVKIDPKSICVCQY0H 4SS 

* ^ ** * *^??5^g ^°**°***" *TCT(aCACTCTCGfc L ; I A b t l Ul CgATACACTOCTTAACCAA Ul I ul lU 1 OUlTCTCXATAC^r;rT;r-r>r-^>r.^^ . ^ 
TCCTACACTC*CTCTrCTTT»TAGACrCTCACACCTGAAIlCAAC^ 1*00 

4S« OVSOKKtSESLDrvVDTVVHOVOVNVNTASPAL 4»t 

IHTTTE^E^E?*ggy°g^?g^g^***g^*TCTc^ t^uAA TA^ 

WSAAAtmSTCCATOWCCTCUCTTCrTTTCXTACACACTm * ' 0 0 

489 i-SHVACL«ltTISEHIVKY»EEBOKITSRA0lKK sn 

CAAa2ACCAGACXCTCCCTrCCCCA^ACTOTCCc;ACC*CCJL^^^ ^ ' " 

SJavPRLCAKAFEOAACrLRXPESSWILDNTCVHPE 554 



wo 99/33871 



11 / 30 



PCT/US98/27918 



ri9. 9 11/30 

(SEQ ID NO: 26) 

(SEQ ID NO: fi7) ' J?S????S???SS .oo 
(SEQ ID NO: 25) 1 t g a i. v s y p v t » v k v f l s » c e v x i r « a l » t a x i « 33 

101 AeMTCTGATOAACCATCCTOCCAGATATTCTAATAAATG OlCi ILLLI I iU AA LUi 1 1 J a>lX;C ACACmCTAACXCT-TTrf-^r->^r^. 

TCCAtyUTACCrrtaTACCACCOTCrATAACAITATTTACCACAAO^^ "0 

3<«S0RTMV*DIVIHCVPPE»FRCDCLTVSTPTCST (7 

aOl CTGU;TATAACAy7TCTgTTCegc e T Ci;itl T 1 1 f *r_Arf-f"r>.gTaTTr-^>ftf-i"i-fr»>^>«fr.jYf^cJVnVT^^ ■ ■' 

GACCGATATTCTTCAGAQAACXCCCACOACAAAATtrTtXX^ 300 

" *^'''^S^CCfcVLHPTIEALOLTElASI.HHBVyRT lOO 

^ 5 S ^ * V K D K 1 E L I P T R » D y H T I S V D H S V r S UJ 

AAOCCATTATAACTC=CArAACTCATACTTTACCr(«:TACTATTCrAACTGAAACAS^ 500 
"* * ' ^ " ^ ^ ^ 0 ^ I> H H K 1 H r V A T P S H T S r « M R V r D A 167 

501 CCrrrATCOCTCACOTC(UTCAATCACCTTTC»ArrrATrcCACATG^ 

CCAAATACCCACTCCACCTACrrACTCCAAACrrAAATAGCCTCTACrrCTAS^ 



16B F I C C V D E 
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Tig, 10 



(SEQ ID NO: 29) i cccrrTXAAAGXAAccTxcrt^xcACT^ 

(SEQ ID NO: 30) CCGWUI U ILII It-GAn^CCrCrCACTATCTACCCITCATCUTXATAA^ACrAaSAXATACCCCrCT 

(SEQ ID NO: 28)^ h v v c « o y i p x 



100 
10 



^ 0 1 CCACXCAXCCOOCTTACCXTT GG T C L I'l LT L tA ASAATAGACAl l U L' ; vn ACACOUUT iC^ 1 1 i 1 ATTTTCCTOUUUTWrrcrrcrrAaukCJULT^ 
CUtwf^inrCCCCCXATGCTAACCAGGAAC^KrrTCTTATCTCTAACCAC^ 

llPHKCVTICPSPRIZJALRPDWrYPCODCVLOEPv 



200 
44 



201 TTTOCAACCAACrmACAACCAAAAACTCCTACCAATACCXACJUUkCAT^ 

AA CLU 1 1 LU W CAAAA l L 1 1 LL U U 1 CACGATCCTTATC U i * U U I U 1 ACTACCCCrTCrrATACrATCCCTTCCTCTCTTTGCTCAGATiSTU^ 

45 CKOVLEAKTATKTNKKHCEEyOSQAERRVYTrE 



JOO 



iO 1 ACATCACCCTACTTATCATACTrrAAAAACTCCTTCGATTTATWUUSATCC^ 

TCTAGTCCCATCAATACTATCUAATTTTTCACCAACCTAAATACTTCTCCCAATAACakTAATAAATO 

'8 DORSYHTLKTCWIYECCYMTYLOItDCCrOSRlK 



400 
110 



TCTAACTGCCAACCTCTCCATCCTCCACCAACCCAATrCCTAATOXSACAATCCATACTACTTCTCT 
lllRLTVCELARCHVKDYPLTYDEEKLKAAPWYYLDP 



SCO 
144 



CTCCTTCACCGACCCTTrrCCAACCCrTCTTTACCATCATGGAaMJUkOT 
145 ATCWOHLCHKWYYLRSSCAMVTCWYODCLTHYY 



600 
177 



CCATTTACCTCCATTACCTCTCTACTTtrrCTCCAACCAA£K;TTCACTTACCATT(y^C»^ 
178 LMACKCOMKTCWFOVNCMWYYAYDSCALAVNTT 210 



7 3 : CTACCTttrrTACTACrrAAACTATAATCCrrCAATCCCTTAACTAATCAAtKCTAArrCTA^ 

CATCCACCAATCATCAATTTCATATTACCACrrTACCCAATTCA— ArrrCCCArrAACATTTCACACTACCTATCAATTC^^ 

2i:VCGYYLNYKCEWVK« 



BOO 
32S 



wo 99/33871 



13 / 30 



PCT/US98/27918 



fig. 11 

(iS ?S IS; 33) ' 2ssi?sijin5?s???i?jiss?iis^^ I.. 

(SEQ ID NO: 31) 1 MDlYI KHAIIHOrSPDOTELrLADKfLNITPlc ,j 

1 0 1 ATCCAAg^TACCTACCTAAAAAAATTGWaTCTCTATTCKaTaAACC^^ CLL i 1 L n rA^-rr-m^. ^> ^ 

TACCTrCTTATCCATCCArrTTTTTAACTTCTACAOlTAACTCTAOT I L IM 1 AGCaXJUUUlCTTACT AT SiSrc 

lEEYLRKKttHVySDEAKTGXrEtEHPrrilHXTD «C 

' ° ^ 1 lUi lUaCACATCACTAACCCTCeCTAArCTCTXyjAACAglACrrrTW 1 ■ . m j cxx-r^ , 

TCCTAAACAACCTCTCTACTCATTCCGACCCATTACACUCCTTTCrCCTCAAATCCT^ IC 1 nn ^TA^Tr-AA^^^J^^^AAC^AaTTAA 

" ^>t-*-eTSVTLAKLWKEEfSISEHLKTMDLirvor f9 

AAGATTTCTTCCACATCTTCTAAACCGAAAGAACCCTTAACOKIACCCCCTCTOtyUW^^ ^^'^ 

100 SKECVEHrAFLBlALRETLTHLCCEVDKPlKLT 133 

llJONNLPCrCTCADCALVVNLOSRKyHLIEKRl KYN 1(C 

iSSS^i:: if — F*^"^^^^^^'^'^"^ ^ iV^^iOi CCCTCCTAAGATTTCTCCTAAAAAATCTATCAAOC^U^Cr«UAAAAACACCCCAGAC COO 

TCCCCTCAAAAAACrTCATAAAAACTCTATTACAACAACCACACCCACCATTCTAA^ ***** 

16T CTFLHYFSDMLLAVAPKISPKKSIICELEKTAOR 199 

^rTS™ii'^5^^^*=*"=*^*=*^^*^^*^TCCAAa:TCAAAT^ 
TTAACCACTTACAAAArTCTCTCTACTAAAACTTAAAGTTACXrrTCXACrrTACTCM^ 

200 lACSrMTODFOrOSKVKSAlFHMLEESHELSPE 232 

TTTAACCCATTACTGCAAAAACrCTTCrrACACTCCCCACCAAACrCCAAATAACTW^ " **** 

;3)K:,AMDLFDKKUTARLSr:0OVREAVPEPVOrOEI a»& 

AACTACCv^.CACO^. , AArrTrrTTAAACTTTTCCrrTTTSACXCCAATACTTT^ "° 

26' = *S"Ot-»t»tFtNOKLSLSMClELIVPNHVyoDAE 29» 

CA^CAAw . CAAATACCTTTTCCTTT7ACrTT.KUTCACATACAArrASTTTTTATACCTCCTArAC<^ " ° ° 

"=SVtF:OHEKCTYSIL:KNlEOIOSIt- jjj 

ACCAA^ . CATCG . -ACAACGAAAAACCACCCATArTTCCAATCXJCCCAACTACTTCTACACTrrtrrra^CT ^ * 
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PI9. 13 



(S£Q ID HO: 35) i AAXTtjTtxrrxTAATACTAcauuuu^TACTrc^^ 

(SE« ID «0: 36) "^^c^cgxtattatgxtctitttatcwacacctcxxjuwtwtxc^ 100 
(SEQ ID HO: 34) X n x t r r « i r l i v c v . , , , , , 

TCTtWCrCXTCTO^TACACCMCCACTCCTCACCCACCCCT 200 
20TLSTVTVV»00SVXIXE«rGltY0KVA«SCXHXBL 53 

301 TCCCl'U lUCGATTCACTCCATTCCA£SCXCCGATrCR UilULL.LIiUliU gAAACT^ "- *f?*rTft^fIftrrfthnr7>r m j' i j ■ I . ■ ■ ■ -! 

ACCK^AAAACCCtAACTCacCTAACCTCCTCCCTAXCTaaa^^^ "0 

P'CIDSIAARIOLRLLOSDIVVSTKTKOH VPVM 86 



301 



CTACTTACATCCCTGACTaiTCCCACACTOCTCCTCrCCaiCT^ 
87 HKVATOYRVNEOSVTOAYYKLIRPESOlKSyri: n, 

CTAOUCAACCGACAACUCAAtKJTTTTXATTCGAACCTXmAAauUCrC^^ 500 
laODXLRSSVPKLTLDELFEKKOElXLEVOHOVXEEM 153 

XCTCCTCXATCCCCATCTAXTACCACTTTTCCXACTXXTCCTTa^CC^ 

• ' ^ ° ^ J I V K 7 L t T K V r P D X E V K 0 S M N E r K X X O R 186 

XTTCCCCOlCCCTCCTCTTCTTXXCCCCCTTCCWltnTXrrCTXXTTTTXAW 
187 KRVAXOELXEXnxIKIVTXXEXEXERDRLHCVC 2X9 

TXXaWCTTCrrCCXTTCCGCTAACXCCTXCCTXXCCCTCTCACATXCTCXJCT^ ^"^^ 
"*^^*°°"**^^»°^*tSITCl,ICEAHVGHTEEgi„si 253 

- >• T H 0 It L 0 T t H T r * » K C H 0 T I r t p. » T F M 0 « D D : 
3«7 PTOIUSXLRXEKK* 
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(SEO ID NO: 38 ) i C<nTC»T»TCa;TXaS*TiL»XAT*CCgrTTTWATrTTtXW^ 1 ILL! i IUIM; lU WTTCCTAAAAAAirrCCTAC^ATJWACGAAXCCrTXCT*^^ 100 
(SEQ ID NO* 39) CGAJ^^TXTACCXCCTArrTTATCCaUUUUn-AAAACCTrTO 



(SEQ ID NO: 37) , 



1 01 TCnUUTOlCCXCATTTOSACMUJUtfaATTCATTTraX^ jOO 
AOACTTACTCCTCTAAXCCTCT L * . 1 LL i XACTJUUUlCTTTACTTATCCGJUUTiaCTTTTCGA L 1 1 LLLU U^CAC»TCArrrCTCe*CTAAXATA*CCC 

LKSXCPICXLKCtSSKCLILLG 33 



2 01 AATTATCCTAACTAT L> 1 1 1 l A CCH 1 1 l AT L! : 1 1 lUl A Ui iOlALJ LlUl 1 l ATATATTATOi iil I Mi 1 1 1 lA CACGACACATGAAAACTATTCrr JOO 
TTAATAOGATTCATACAAAAATtXKAAAATA G AAAAACATCAACATCACACAAA T ATATAATACTCAAACTAAAX^ 

23 XlLSirLPrYLrvVVLCtTXISLIPTCDMItSlL 55 

301 eA SAAAA TCCGCCACCATCCCATe L i UCl 1 L i i i i i L 11 AGCTATACTACTgTTATATCaiTTCrTCCACAAXATTGQATCCCT C Ml, 1 U,L 1 1 CACTAC 400 
CTCTTTTACCC C CICU1'ACCCTA£CA CC AACAAAAACAATCGATATCATCACAATATACCTAACAA LU1UU i l AACCTACCCACAACACCCAACTCATC 

SGOKMCEHPHLLLFLSYSTVISILAOMHMGLVASVC 19 

401 GAA I Ul 1 1 L 1 ATTTACTA l 1 i 1 L 1 : ; I lU CACTATCACTCCATTTTATCCCATAAATT L. I ILUA TTGA i i 1 i U CA Gl 1 IL 1 1 UHl OG TA C T GIC i I 500 
CrrACAAAGATAAATGATAAAACAAAAACCTGATACTCACCTAAAATAOCXn-ATTTAASAAACCTAACTAAAACOT 

90 MrtrTlFFLHYOSILSHXPFItLILOrVLFCSVL 133 

501 CTCACCTC L * . : 1 O CCACTTTACAAaiTTTCCAAATTCTCUACAAATTTAACTATC Ci : I * ^ i i I CACCCAATATCCAGCTCTCGCATCAGAACCGOCCA <00 
CACTCCACGAAAACCCTCAAATCTTCTAAACCTTTAACACrTCTTTAAATTCATACCAAA^ 

123 SAAFASLEHFCIVKKFNYAFLSPHMQVWHOHRA 155 

6 0 : CAACTCAC H i C i : l AATCCTAATTATTATCCAATTArrrC . 10 , * : !TC7ATTATCA 1 IL^ . L I CTATLl ltl ; I ACAACCACCAACTTCAA i iUU l lu i, 700 
CTTCACTCCAACAAATTAGCATTAATAATArCTTAATAAACAACAAACACATAATACTAACCAAACATAWVCAA^ 

l56EVTrF»PIIYYCIICCFClKlArYLFTTTKLHllLK ll» 

to: AACTATTCTcrrffroArrccAcccTTTSTTAATrTrrrTCxrrrrcAAC^ «oo 

TTCATAACACACACTAACCTCCGAAACAATTACACAAACCAAACTTtyUU^TCACrrrTT 
19Z VFCVIACFVKLFCLNFTOHRTAFPA: IACAI XY 233 

8C: TCTCTTTACCACTAT7 AAAA ACTCCAACCC ; SSCrTACTATTCGCGTCTTCCCSAtTGGTTTCACTTTCCT !: 1 : 1 1 CrACTGATTTCGGACTTCCA 900 

AGACAAATCCTCATAATTrrTCACCTTCCCCAAAACCCAATCATAACCCCAGAACCCCrAACCAAACTCAAACGACA^ 

223 LFTTIKHWKAFWLSICVFAICLSFLFSSDLCVft 255 

90; ATCCCTAtrmACACTCrrCTATCCAACAACCrArrrCrATCTOGCy^TCCTGCCATOTCC^^ 1000 
TACCCATGAAATCTGACAACATACCrTCTTCCSTAAACATACACCCTACCACCCTACCCCAACAAATTCCTTT^ 

256MCTLDSS«EER:s1«DACHALFK0MPFWCEGPLT 289 

1 0 0 : CCTATATGCACTCrrATCXTCCGATACATCCTCCTTATCATCAACATCCCCACACTrTr^ HOD 
CCATATACCTGACAATAGCACCCTATCTACCAaau^TACTACrTCTACCCCTCTO^CAAATATAACT 

29Z YMHSYPSIHAPYHEHAHSLYXDTILSYCIVCTI 322 

no: rrTATTACTTTTCTCTT=TGTTCCTCCrCTTCS=TTCATCAT(^ 1300 
AAATAATCAAAACACAACACAACGACCACAACCCAACTACTACCTATACTCACTCCTCACCCCCTTTCCACGCTrAA 

- •VLSSVAPVRLMMOHSOESCICRPIlCLYLSrL 355 

: 2 5 : ACA37GCrrCCT3TgCAaK5AA7T7TTCACT7GCrr . . ^ , : L 1 O CATTCACTCACCCTTrA ... 1 ^ 1 1 t* CTAC7TA7CTCCACTATrCCATTCCC7TTA 1399 
TCTCACCAACGACACCrCCCTTAAAAACTCAACCOACACAACACCTAACTCACTCCCAAATAAAACAACCATCAA^ 



J5fc T V V A V H 



'■CLAC.FWiOSGFtFLLVMCSlPLAt 3Si 
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{SEQ ID NO: 41) i ^^^cmttgmcxtc^ 

(SEQ ID NO: A2) "^"=™^*^ccGAcccAT(iAA(rrTXACTAcrrrcfcTxccacTA^ 



(SEQ ID NO: A2) 

ox _ 

TTTCCAACACaifcGGTCrrTCCATCrAWCGXTCATTGATGCCXCTCTCT 



TGTCAACrTAACC U i i i 1 01 J 1 1 AOCTCCXCOUU LU 1 U> 1 1 U UrrCCCTJUa,C(JUUUWCCACTAACCCTAGAACCGCCACrrACCrAAC^ 

i 0 1 CACATrCXCTOnTTCTCCAGTCGXCCCCTTTCAAGCCCC^ 

CTCTAACTCACCXAACACOTCXCCTCGCGAAACTTCtWCX^TTWUUnt^ 

(SEQ ID NO: 40) j 

M I 

ACTTACAT7TTCTTTTATCTCTTCAAC*AA*ACCTCTTCAAOT 
2 NVKEKTELVFBEVAEASLSAHRESCSVSVIAVI 34 

CTTCATACATCTACATCWCTWCCCCTTCCXIAACCAAMCCATCCACAXCT ACT ATACCCA(7rT^ * ** ^ 

^5 '^IfVDVPTAEALLPLCVHHICEMRVDKFI.EKYEA 

AA. . . . CrrACCTCTACACrCAACCCTAAACTAACaiTCGAACCTrrCTSCATTCCACrTTCrACACTAAGTTA^^ 
«B L K D R D V T W H L : C T L 0 R fi K V K c V I 0 Y V D Y F H A L D S 101 

CTCATTTCCATCCTCCCrTTTAACTTTTTrrrrCACTCGCTCACTASTTCACAAAOT^ 

VKLACEIOKRSOflVIKCFLCVNISKEESKHCrS 134 

CTCT-CrTTCACGACCTTTACAACCKT-CAATCOGTCTCATCTArr-AACTTATACAJ^CCA^ 

^^^--e:lpelarldk:evvclmtmapfeasse i«-> 

^**^-**C-CCCCCCTTrTAAATSrrTCTCTTTAACTTCTC7TTCrrTAACGTTTATACC^ 

= - • * * C S L 0 R E : C E K C : P « H P L £ H T G C R y 300 
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(SEQ ID NO: 44) j CTACTCCCfcCTCCACrrTrMCACTAAgTTTATTATTrACTTTTAXTCAC U L i 1 0 1 L 1 lO AATWaTTTTCCTAGCTA O ' : 1 1 Uj 1 AAT"Cr loo 

(SEQ ID NO: 45) CATCACCXn-CACCXCXAAATCCTCATTCAAATAATAAATCUAAATTACTCCCTC^ 

(SEQ ID NO: 43) l TPSPLLAVSLLFTfHOPOrLVLNOILVCSLVIl, 33 

101 ACTTXTTCCATATXTACTTCrrXAAAATCCCATTTTCTrATACAATCCTACCTGCTATT^ 200 
TGAATAXCCTATATATCAACATTTTTAGan-AAAACAATATCrrACCATCCACCATAAAXTJUUTCA 

34 LIAYXVVRIPrSYItMVRAXLPSVDDEMCOAASS <C 

201 ATGCCTCCrrCACCrrrrrATACTATCATCAACKrrrATCATTCCATTTATm im i CTCTCTCTT AI ' mH I i AAACTTTAACTCTTTATTAA 300 

TACCCACCAACTCCAAAAATATCATACTACTTCCAATACTAACCTAAATAXAATCCCCAACAAaA^ 

STMCASPrYTMMKVllPFIlPVVLS VIALNrHSLLT lOO 

301 CTCACTTCOACrrATCTCTATTCCrrTACaiTCCCCTACCTCXACCATTACCTXTr ACCATTCCATC^ 400 
CACTCAACCTCAATACACATAAGCAAATGCTAGOCGATCC^WTTtarrAATCCATAATCCT i^, ICUl I U 1 ACATTACgTCT 

101 DPDLSVrLYHPLAOPLCITIRSACDETATSHAQ 133 

4 01 ACCTCrCCTA l 1 lUl 1 i ATACAATTgrrCTCATCUrrATTTCTCGAACCCTATTATACTTCACACJUUUSACCW^ c 0 o 

TCCAOACCATAAACAAATATCTTAACAAGACTACTAATAAACACCTTCCCATAATATCAACT Ci i U M 1 LI U SCCCCCCATTTCATrCCTTTATTAOTACT 

134 AtVrVYT:VLMi:SCTVLYrTORPCRKVRIt« ^4 

501 CACCCACTACT H l AT CAAA TATTCAAATACTTCTCACCA , iui U l ATCACTACTCATTCCTACTATAATTCXnTTACASACAC^^ fiOO 

CTroCTCATCACAACCCAATACTTTATAACTTTATCAACACTCCTAACAAAATAGTCATCACTAACa^ 

5 0 1 CCACCCTCCACCCATCCCAACrr ATACTATTSTTTCTrrACCTCCAT^TTTCATTATCAT^ 7 0 0 

CCTCOCACCTCCCTAGCCTTCAATATCATAACAAACACATCGACGTACAAACTAATACTACn'CCTTACTr^ 

1 0 1 CCT ACAC CATTACCACCTCAAC77ATAT C^GCTCTCCCTTTTCT AGCCCCTCCAACCArT CTTATTACAGATAAAAAGAAAATTACACCTCT 1 0 0 

CCATCn^CTXATCCTCGACTTCAATATACTCCACACCCAAAACATCCGCCACCTTCCTAACAATAATCTCTA l 1 1 > , ' ^l U l AATCTCCASACTCTTCAC 

BQ; CACCACCCATTTCGGCTTCCCCACCAATTCCATTAGrrATTCCACTACtTrrrrrATCAtXa^ 90 0 

GTCCTCCCTAAACCCCAACCCCTCrrTAACCTAATCCATAACCTCATCCAAAAATACTCCCraiMW^^ 

90 ; CATCTTCCAACCACrr AAAAA AATATrrCCAAAATCCrrrCTAAAATCArrCAATTCrrATAT ?76 
CTACAACCrrCGTCAr: : : ; : .ATACACCTTTTACCAACArrrrACTAACrrAACATArATCATCAArrrACCAAATC 
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W2" rig. It 



(SEQ ID NO. 47) j CAATGIUULLLU*ACTTrTT*aiAAArAT t i > i ^l^. hhhhAA r .Xfrr^rrtK^f'%r^■n^miri^r^J^f^^^^^^f^f^f^f^J^y' 

(SEQ ID NO: 48) ^^^^^^^^cttgaaaaxtcttttctacaaccactt^ loc 
(SEQ ID NO: 46) i 



n n 2 



101 CKCACCATTXGACAACyCTyaAAACaX TO '■^^'-^ J^^^aUSACACTtOTTATCen-CTTTrTTC 

CTGTCCTAATCTCTTCTCAACCTTTTCCCXCCrCG^ 300 

iORX RQCLEKCOAVVLPTtTVyCLrsitALDEKAVD }< 

^^T^TT^gg^f CT CKAAO ITCCTCCTASACATAAOCCACTCAATCrCAATA lCQlLiLi i iLU ACCACATCTTCCXCTTTTrx^An;^^.^..^^: 

TOCTACAAATCCTTCAGTTTCCACCAGCATCTCTATTCCgTCASTTA(^^ 300 

" WVyOLKRRpaDKALHLHlASrEDILHrSKMOPA C9 

AATACATCrrTTTCAXCATCTCTCCAAAAACCCTCCA«XyUlCTOT *0 0 

70 VLOKLVCTFLPGPLTIILEAMDRVPYWVHSDLA 102 

lO^TIGFRMPSHPITLDLlRETCPLXCPSANlscOAS IJS 

CACCACATTaUAACrreriXrAACACTTCCTAAAACTCCrrTCTCCAACXrc "0 

m CVTrEOILKDrDOEVLCLEDDAFLTCODSriVD 16» 

-0 

l-fO L S C D K V IC r L P K X 0 L N t K I r t L C C 0 R F L L R R L E N JO, 
5rii2i5^'^°*^5^**"°*'I^TCAAACa:ATATCTCACATCAACCAAG^ 

CATTCTCTAAACCTTCTTTCTCTACACTTTCCCTATACACTGTACrrTCCTTCTCay^ "° 

20J1.ROLOETDVKA:COINOEALGYTFSPEETA£OLA 23« 

"^-SOOSHHFLLCYEOAAHKVLUCYVHAEVVES L 369 

sfs^?sr=?ii:??i?i^^^^ "00 

'''^ ^^•^*°^»'I»-*l'AVSPOAOCOCICICSLLOCLEOC 302 

:00l ?£=****CATCTarrrATGeKnTTATCCCCT7AAATTTO .... 

CCSTTTTCTTACACCAATACCCAAATACaBAATTTAACACCXrrTAGTACC^ . "00 

JOJAKRCCYCriRLMSUHHRLCAHAFYEKVCYTCDrM 33t 

XCCTCTTTCCCAAATXACCCTACAAAATCAAACTAAAACAATIUlCATTTTACTTTGATTACCrW^^ 
C K R F : R 1 F • 
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9«p3«6 rig. 17 (Sheet 1 of 2) 

(SEQ ID NO: 50 ) ^ **5*"^**^*5****"^*55*'«"**cg*atcxcaga^ 

(SEQ ID NO: 51) ""*""*^^*^*'=*'^*^*"^c^^^™*«^c"'^<^^ 



CCACTWTACTACGATCATDJTTCXAXTAACCCrTAJ^OTTTCUOTrrAACCfcC^ ' ° » 

CCrAAACOCTCCXKIXWlAATTTCXCirrTCTTTATTACrCXTJWJUUUU^ 

(SEQ ID NO: 49) 1 , , . a'^catacc 

30 : TTCCLl ^ :(-tilLX;T (;AAAAA TATCTCCCTAATGCA«;CCCTTCCXKff(»^ T t: r^*r^>m^.^. : 

AAOWAAACCACCACrrrTTATACyUSaUTTACCTCCKK;^ *oo 

21 *''R«E»trvPHCCPWCGDCGRGGHVVrVVOECLR 53 

4 D J TACCrrCATGCATTTCCCCTACAATCCTakTTTCAACCCraTrC^^ ^ : 

ATOGAACTACCTAAACOCGATGTTACCACTAAAGTTCCGACTAACACCACrTTTTCCCT^^ "° 

54 Tl-HDrRyNRHFKADSCEKCHTICCMKCRCAEDLR e« 

5 0 1 CTTCCACTACCACAAOCTACCACTCTTCCTGATCCW»GACTO:CAACGTm 

CAACCTCATGCTCTTCCATCCTCACAACCACTACCCCTCrCACCGTTC^^ "° 

*'^*^^<^°^'f^»0*ETCKVLTOLIEHCgErtVAHGC 120 

s^cA^?!4G^J^s??^s^^^ 

^CCXCUIRFATPItMPAPEISENGEPCOERELOL J5J 

CCTTCATTrrTACAACCCTCTAC^CCCAAATCATCCTAACCCTXCACATCCrTTCACTTCTGAAAAT^ 
E L It I L A 0 V C L V C r P S V C K S T L L S V I T S A K P K I C 1B6 

BO: CCCTACCXCTTTACCACTATTCTACCAAATTTXCCTATCCTTTCCXCCCAATCACCTCAATCCT^ 
CCX;ATCCTCAAAT«:7CATAACAT0CTTTAAATCCATACCAACCGTC0CTTACTCCAm^ 

* ^ " ^ • * • ^" P « - C V « T 0 S C E S F A V A D L P C L I E C A 220 

' ^ ^ ^ ^ ^ ° - C f <■ « H I E R T R V : L H I I D M S A S E G R D 2S3 

1 0 0 : y52*^*'^^°"TTACXTACCTATCXATAAACAGCTCCACTCTTAaUiTm , - ^. 

AarrATACTCCTAATOCATCCATACTTATTTCTCCACCTCACAATGTTA<yU«M^^ 

^ ^ ^ t> ^ ^ * » « t L t S Y H L R L M E R P C : : V T N K M D H 286 

*° * * • • ^^^^^^**CCCACTTTTAATACTACTTAAACTTCTCAATCCTCCATAGAA 

' ' ' ^ ^ « - ^ ^ ' L A « « V 0 E r E E L P A I r P 1 S C L T 320 



-^^'■i^:;:: : : : — — :^'2^-^ * ' ^ ' * * ^WWiA(^ t&AGAA7TTTTaCTrrACGACCACTCCCATATC:GAACAJ 
CACACv CAAAATCTACCATC7CCACTTAACAATC1 G ': T C lU rCCTCrTAAAAACCACATCCTSCTCAGCCTATACCTTCTCT TCA 

''*''^"*'=--''*'*t^l-D»TPErLLYDESOMEEEV JSJ 
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* ' ° ^ 73*£^ATCCXTTTT;ACC»»G^ ^G AAWCCCrrTG^ 1 1 1 <■ lU. lU UJUmCTCATCJULACTC^fcA- , ^ « « 

XATQXTACCTAAACTCCTTCTTCrnTTaJGAAACTTTAATCA^ "O" 

354 YYCrDEEEItArElSKDDOATWVLSCEICLMKLrH nC 

1401 ATCACCaA L 1 1 i U AT C S T tt XTCAAT L I U A CA TCAAACTTTA L 4 4 1 
TACTWTOUAACTACCACTACTTACACACTACTTTCAAAT 

3a7HTMFOXDESVMlCL 5»9 
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9«PJ1I fxg. It 

(SEQ ID NO: 53) X TCCAATgCCmAACA*AAdlATTCJUULAT r > fc O ftit* fcHCACTAACACXfc i. 1 1 1 . ; 1 IL. I L 1 l ^TGM^-^^-rTt^^^^^f^rjf^f^j^r^^ 

(SEQ ID KO: 54) AccTTACcocAArrcTTTTqTTJUcTTrrA G u ci u i luj c* TTCTcrrcxJuwAAAxcACAATAcrrAXT*ATCTTTA ci I cm L li 1 uj tataIta 
(SEQ ID NO: 52) i „ ^ 

CCCTCAACX»ACACTAC*XCCfcAXACCXXTTCA t.L I HA.iU mTATAm i i lUU U I LLA TGACCXTOTACAC CC 1 1 1 I J-TrTSA^-jsryGAAAACtlJlCTr J ft o 
CCGACrrCTTTCrCAT H AU.i 1 i iU^l l AACTCCaACCACrrATArrrAAACCAAACGTACTCCTAO^TCTrpaACACAATAC L 1 ULCXU AC 

a AKERVEPKplDLCEiritrcrilDOVlpVLSTCltCL 34 

2 OX AACCAACXmrrrArrCCTGAATTATCTCCTCCTAAG«rnaw;CCTaACTO^ ,0- 
TTCCTTCCACAATAACCACTrAATACAOCyiCCATTCCCACTCCCACrCACCTACAACCTa^^ 

JSMECVISELSAAKCEPEMMLEPBLKSyeTrKKMPM 

301 T CCAAA CTT(XXKSACCACACTTCTCACACATTCACTTTCAT(Um ili na^ Tfi>i>rtT>r-,^ 

ACCTTTCAACCXCTCCTCTOUCACrrcrCTAACTCUAACTACTSAATTAaiTGA 1 i 1 H^ ACA LlUi 1 it^ ' ILU ^CAAGAACCCTACTACATCC 

OTWCADLSEIDFODLIYYOKPSDEPAJISIIODVP iOl 

* ° ^ TCAAAACATTAAACAAACCTrr(UACCTATC0G(UTTCC3^^ ^ . - 

ACrTTTCTAATTTCTTTGGAAACTTCCATACCCCTAACCTCTraUCTTGC^ * " 

^" ElCIKCTrERlCIPEAERAYLACASAOTESEVVy 134 

^ ° * E^S^S^^^^^g?^°*°^g '=^'^*^ ^*«^^TTATCrTTACA(U - - 

CTCTTCTACTTCCrrcrrCAACCTTTTTAATCCATAATAGAAATCTCTATGTCT 

IJSKNHKEEFOKtCX trTDTDSALKEypOLrXOYFAK 168 
i?I™j;55^5CACACATAACWC^ 

TCAACCATCCCMCTCTCTATTCTTCAACCCn-rocXWWirrCACTCCTCATACCACCCCACC^ 

J-VPPTDMKLAALKSAVWSGCTriYVPKGVKVDI 201 

ACKTCAACrrTCyU.TAAACCCATACTTArrCCTrrrATATCCACTCAACCrTCCArCCAACT^ 
2*"' PI-OTYrRIMKENICOrEBTLItVOECASVMYVE 254 

*° ^ ^^Vxii^'iE^SE^^ltTl^^E^^'^^ 900 
CCTACATCTCGTOCTTCTATAACTTCrrTATCCAATCrrCCCACCCTAACATrTTTAAAAACCA^ 

235 CCTAPTysSNSLHAAlVEIFAl.DCAYMRYTTION ast 

TCACCACACTArrGCACATATTCAACCArrCTTrCGCACCATTCCCAirrrT^ 
"» *'S»«VYNLVTKfcAKAOKOATVEWXOCKLCAKTT 301 

ATACTTTATACKTAGACAAATCKIAACTACCTCTTCCrrCCCCCACCUTCCTACCACyW^ * 
*^'*^PSVlfl-DGECAHCTMLSlAFAIIAC0H0OTCA 334 

: : 5 1 ^5*TCATT»^TGCTC»CATAraGCTW 

TTrrACTAACTCTTAC(UC(STCTAT5CTCCACCACATAACACA(»TTTAC0TA(XCATTT ^""^ 

"**^"-«»**P«'SSS:vsiCS:AKCCCItVDyRCOVTFN 3(8 

:20; ACAACAACTCTAACAAATCT^rrrrCCCACATTCAATCTCATACCATTATCATGCATCW^C^^ 12 « 3 
TC7 7 i CACATTCTTTACACAAAGOCTCTAACTTACACTATGCTAATACTACCTACTGCAAA 

knskksvsk:ecdtiimdd l jbs 
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W»3«3 rig. 19 

(SEQ ID NO: 56) x ^SIcoaxtttatgacoja^ 

(SEQ 10 NO: 57) TCC»CCTTAAATACTCtTO3lTACCUTAC*ATrrCTTCC7TrrrC^ "0 

(SEQ ID NO: 55) ^ *OJ*E0VSYLItEG»SVTlT»tllEV0TETATLlL 33 

CCrCCATAACACCCCTATCGATCAACGAACAATa*CAAAAIJU«y^^ "<> 
J4CArVOXAgSLtLrTSVMLX,YPC0ritRDILIItRis $1 

g^gCTTTACCATTTTTT CAAACACA TCCTC^ATATC^ 

CTCCAAATCCTAAAAAAC-l 1 1 U iU lACGAgTCATATACXAATCACTTJUUlCOCTCAAAACATAAACCACCATCACAGAAA^ 
«" GtRF'ETHAOrMVSOFAarvrOASLrjLSSJtDL 100 

CCACTAACCGAACCUCTGAAATAATMAAACATCt^TCACCTCAAAACTtOT^ ***** 
^lOJ-tTLLVFLASAVLTLyROAOKESRVSMTlM 133 

* ° ^ ^AAGGAAAA TA<»ATSATTCAACTAAACAATATATCTAAAAAATTTOCAA(X:CCTC»CCT^ 4 8 1 

TTTCCTTTTATCCTACTAAmCATTTCTTATATACATTrrTTAAACCTTC^ 

134 r C K • 
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(SEQ ID KO:?59) l TirTXTCTACTACACTATAfrTATrCCaCTCrrCCCAATXTTCAATCaiTCC^ 

(SEQ ID NO: 60) ****TAGATCATCrrCATATAAATAAraCCACACCCCTTATAAmXOCTACCnTTACATAATCTTAC^ 



(SEQ ID HO: 58) 



1 



M T T C 4 



101 ACTAT A i 1 UL i 11 1, LU U CXCHTATATA UUiH-liliJil ATrTCATCJUTAACTATrTTAATACCTTCGACTCTCCCA 1 1 H> 1 L 1 U AAATCAATTAAC 2 00 
TCATATAACG AAAOCCAA C TCTATATATAACAACAAAAIU *TAAACTACTTATTCATAAAATTATCCAACCrCACACCCTAACCAC^ 



vycrprTyiLFrryLKHHYrMKLECitxitLxsiK 



37 



201 CACrrTACCACTrrrACTTTCAAATTACCACCrCTTACTACCCaUTTrCGACtXICCU^^ 300 
CTCAAATCCTCAAAATCAAACTTTAATCCTCGACAATCATCCCCCrAAACCTCCCCCTCAAATAAAAATAACT A * AAAOATTAACCTAAATCATTACCAA 

IBHFTSrSrKLAALSTCIVTATLPLLZrLlArSHCF 71 

301 rrACCTTCTCrrnMAGATAAACCAOCrrCATTTrrTAACAGAArrTTATCKrrATAACT 1 i i L i 1 1 ATAGCA l 1 U U 11 CTC «00 

AATCCAACAOAAACCTCTATTTCCTCCAACTAAAAAATTCTgTTAAXATACeATATTCATAA C.Ul 1 im lA CX£AT r» > fi fcfc i T>TnrT*>uiWJAAqjVg 

72 SPSLEIKEVOrLREFTfClSIAKKASrriCrFrS 104 

4 01 TTATATACCATACTA 1 . > L . 1 1 i 1 A TCCTTACrTACTATTAGCA G 1 1 U 1 L 1 i CCTTTAAAAAATCAAACATCACCTTACTA l ilLlUlil A LliiUl A 500 
AATATATCCTATGATAAACAAAAATAGgAATrJLATCJlT JULTPfrr r * * » Jk fc n * a rr xjlx TTTT-TTAfrrrTfrT>rTnna.m ■rf't -t^^ ^'SA C^ U^ATaJVLAAAfl■T 

105 VIAYYFrLSLtTISSrSWFKKSHMSLVFLFTrL 137 

501 rrTCTA(UATCCTTATrCTCGArXTATCACTT«»CAATC«yCTAArrCGATTATTGCCAATT^ SCO 
AAACATCTTAOCAATAACACCTAAArACTCAACCTCTTACCCrArrAACCtAATAACCCTrAAAAACTCATATACC»rrTAACC^ 

laSFVESLFWlYOtDKCr ICLLPIFOYMVMSMPYALI 171 

60 1 TTTATTCCCTTACArrACTATCTATCATAArTCCArTCACTCTATTTTCTCrrTCATAGAAACTGaPk^^ 100 
AAATAACCCAATCTAATCATACATACTATTAAaJTAACTCACATAAAAGACAACTATrrTTCACCTCCTCrCACATTTTCAACCTrrACC^^ 

172 YWLTLUSIIIPLTVFSVHRKWRIIV^ jjj 
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9«p*T rxg. 31 (Sheet 1 of 2) 

(SEQ ID NO: 62) l A OOG»AC»AaAAAA TTTC»G Oi i i lLUlU ATJiTAATAGJU«yTCTOT»TATAJ«MAQ(nWTC*TXKIACTA(^^ 1 

(SEQ ID NO: 63) TCCCmCl l LU : l AAACTCCXAAXCCACTATArrATCTTCXGACATATXTTCCTCCATrTACTACCT 

(SEQ ID NO: 61) 1 « e l v h c i s t h r i o u 

1 0 1 AAT CAAAAAA GTTTAAAACAAACAAAATTA LLUlUCt.1 Ui ACCCCrCCATTATCCCTTCATACCATTCbuCTCACATC^^ 

TTACnTrrrTCAAATTTTCTTTCTTTTAATOKACGCAAAATW^^ ^ ° ® 

^* SKXrKTKKITVmPTAP LSLDTXACHMLSASMLr 4« 

2 0 i CACTCCTAAT^CATgrACCCCACTTCTCAACATTTGACGAOACACTny^^ , „ ^ 

CI(aWX»TTACTCTACATC<H»TGAACACTTCTAAACTCCTCTCT^ "«» 

47 TANOMYPTSODLftHKLASLYGTOMSTMCFKRco T» 
^5?*"™'^*°**"°*"'^*^* i U 1 I i U ATGACTTTTTAACTAGGAAAAAarroCTAACrTCT^^ 

TCCCTCTAATATCTTAACTCTAAATGCATACAACCACTACTCAAAAATTCATCCTTTTTC ***** 

"OSHIXEI'TrTYVIlDEri.SRItNVLTSOILELVRETL 113 

401 TTTTTTCACCCCCACTACTTCATAATCCcfrrGATCCCCCCTTATTTCAAAl^^ 
AAAAAACTCCKXCTCATCAACTATTACCOUUlCTAGCCCOCyOiTAAACTTTAACT 

I^SPAVVDHCFDPALFEXEICKOLLASLAADMDDS 14( 

5 0 1 TTTTTATTTTCCACATAWCAATTCGATAAATT^^ 

AAAAATAAAACCTCTATTTCTTAACCTATTTAACAAAAAACTACTACTrCCACAACTTAACOT 

FVFAHXELDKLFrKDERLOLEYSDLRHBILAET 179 

601 CCACAAACTTCI I ATTCTTCTTTCCAACAATTTTTAeCCAATCATCGAATACA > . 1 1 1 1 i i 1 CCTACCTCATTTr AATCAGGTTCAAA'TrAJLAATt-rAT 
CCTCTTTCAACAATAACAACAAAWnrCTTAAAAATCCCTTACTACCTTATCT 

IBOPOSSYSCfOErLANORIOFFFLCDPHEVElOHVL 21J 

' T*^TS^:' ^ ^ y^^^C CAAAA gCACATCTCAACCTTCAGTATTCTCAACCTTATTCTAA^^^ gOO 

ATCTTACTAAACCCAAATTrCCACCTTTTCCrCTACACTTCCAACTCATAACACTT^ "° 

ESFCFKCBKCDVKVOYCCPVSNILOEGMVRKKV 34C 
C^EiEii'''*^^* * ' *^'*^'"'*°°'"'*TC>TTACCCrrCTAAA7ATCGTCATCACCAACATTTACCCATCATTGT^ 

CCrTCTTAGCTAAAACCTTAATCCAATACTAATGCCAACATTTATACCACTACTCCTTCTAAAT^ "° 

347 COSILELCYHYRSKYCDEOHLPKIVMWCLLGOF 279 

CCACTCACATTCGACAAATOTTTACACCCACTTTTACGACCTAATCCAATATCCTAAACTTC^mCAACT 
aiOAHSRLFTNVREHACLAYTISSELOLFSCFLHMYA in 

CACCATACTTACCTCTTTTACCATTGCTCCCACCATTTTACTACTTATTACTTCACCAACTAAATrrr^ * 
C'«"E«««OARKMHHM0LLOLKICCYFTEFEL»0 J4« 

CTOC7TCCrTTACTAACCAACCACCAACAATCAAACACrrCTATTACTTACAACTAACTAACTTC» 
' * ^ ' " S J- - ^- S 0 O K Q S S L I E R A Y O N A L F C K S S 179 

e-. ..CAAA »^CCTAAC5TTTCCAACTTCTTTAACTCrrTC7ACCATAAACATCTCATCGATTATTACACTT^ 

'"*°''* = *''*''^^o = o««>a:crvxhnvkloaiyfhe 413 
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1301 AAOGAATAGMTCXCAAACCrmr 
TTCCTTATCTTACI Gl i i ( 



^TTCTrrrrCXACXAXAATACTATCCWCTCTXAAACJ^^ 
CCUACAAAAACTTCrrTTTATQlTACCTCCACATrrTCTTTT^ 



\ 
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g«p<l 



rig. 33 



(SEQ ID NO: 65) i 2SIIIISJSiIII£;i^5F^*SE*£iS*i^^ 

(SEQ 10 NO: 66) loo 

ATCTCrrTTrX*rTCAACAC«rrACCA*ATACCTCT(X*AC^^ 100 

(SEQ ID NO: 64) 1 " v r o i v p v y a k c d l v v e s c k l t p k t s 

301 '^CAAATAACOUCTCCCCCTTAAATJUUCXkCGJaTTm 

AAACTTTATTCGCTCACCt^^TrTATTTCTTCCTTAACCm:^ 100 

" f ^ ^ = « « t H K 0 0 I P V F K L S H H 0 r I A A D r » r L T D 0 *0 

TTACTCTCCATTGXCGTTCTTAriTTrrTCATACCAATCTTACXCT^ «0 
" 5 = ^ ^ J it V W L E S D r K L Y « S P T D L K E V K S S L S „ 

* ^ ^ ^ ^ S ^ 0 T M r V E C « E r L H I D 0 A C W V A K E S T S 126 



50 



"7 E E D N « H S K V 0 C N t S E « Y 0 X » S r s I r V K 0 L T T O r E 

* = • " 0 D E K H , A » S V L K L S y L Y Y T 0 E r 1 H J c t y 0 1« 

*• f ' 6 S »»» E C S C S L P K K E o » K J„ 

-«ii^^in?iII?f=iliS?I^^ ,00 

^ S » - V * H K t L 0 Y Y X S H 0 S D A T «0 

' " * " " « * > •< ° » - » 0 ' •< E X t. I S S K „ » o « r M , A I Y »J 

'"^ i-^I?SXIISl£Li?S^^ no. 

»« e « c r V L t s 1 T K . c r D s c « : A E O V S V K « A H K , c 1» 

"I^*-III??iSISI?o^-ISS?II§?=^ x,oo 

D A = t r « „ = r c _v V Y A B s , r , u s ■ r T E N , o Y D T I s K ,.0 

" " • ; niTi : Si'^''^^!i5^™°<»"CCACATTTTTTAAATCATTr^ . 

.-.A.«CTT...ACA«TArTCCAACATTTTACTCCCTTCOTCTA»*AAATTTA=TAAAAOA§i?S;iS?^ >"0 
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9«p7( Pig. 33 

(SEQ ID NO: 68 ) ^ ryiAAAAArxTTKrcrK Ti u^aAx cG XCATkrMTGTAJiCMUu^ 1 1 u iu* rxTxcTJusTArrcTCTTT3uukAg«Afv>> 

(SEQ ID NO: 69) AACTTrTTATAATACATArrcrrCCTCTATATTTACXTTCrr^ 

101 CTATCrACCTAATATCAAaAAAAAAATCTTACCCTCACTTTTATrAACTACACTAA ia;! I ILI C^^ ; I lA AOUCTCCCKijLTCCAgAAAre 911 n 

CATACATqCATTATALl ILH i I U IM^AATCCCACTGAAAATAATTCATCTCATTACCAAACACTTCATCtUauuu^TTCT^^ 1 iZc 

(SEQ ID NO: 67 )i hkickilaslllstvhvsovavlttahxet 3j 

201 ACTCATGACAAAATttHrTCCTaUtfSATAATAAAATTACTAACTTAACACCAa^ 50- 
TGACTACT(mTTAACGIU:caCTTCTATTATTrTAATCArrCA Ai lUlLUlUX lUi lUl 1LHCI>UUI 1 i Ul.1 I CAACTCCrTTAACTCCTCCTTCaTA 

JOTDDKXAAODHKlSHLTAOOOKAOltOVOOI OEQVS 43 

CTCGATAACrrTCC*CTCCTC*GArr&fcACCTTP:;ACTTTTACTATCTAA lUA i LUi LI l AGX i i L 1 1 1 l^ CTCmiCTrT-^ ATfrrrrr*?AAAjaATTTTT 
«< AXOACOSKLOAEMDRtOAESItrLEGEITEtfiltM $6 

• 01 CATTCTTTCTCCTAACCAATCCTTCCUAAAACAACrrCCTACTGCTauUc^ ,00 
CTAACAAASXCCATTCCTrACCAAC L 1 i : M U U CCACCATCACaA L 1 1 J fli 1 1 ACCTCmC*TTCATCCATATA(rrrATtCTAfcCATTT(»griTTACT 



9' IVSRHQSLEKOARSAOTNGAVTSYIKTIV 



M S K S 



5 0 1 ATTACACAACCTATTTCACCTCTTCCTGCAATCACTCAAATCCTATCTCaUUCAAC^^ -00 
TAATCTCTTCCATAAACTCCACAAaakCCTTACTCACrrTACCATAQA LUi i iUl iUl 1 i lA CAAT Li lUi ibi 1 ! ILU^l^f ATTTTrTCGATAAAGAC 

IJOJTEAISRVAAMSElVSAHHKMLEOOKADICltAISE 163 

*A***«^CrrACCAAATAATCATCCTATCAATACTCT ,00 
t . . . * ST7CATCU 1 1 1 ATTACTACGAT ACTTATGACArrAACCATTA b > i U . 1 . i 1 AACCCACTACT ACCACTTCCTAACTCATC L 1 U ^ I LLG I L I i GA 

164 KOVAKNDAlKTVIANOOKtADDAOALTTKOAEL 194 

"^^^ ***A CCTCCTCAATTAACTCT7CCTCCTCACAAACCaACTACCTCAACCCCAAAAACCAA .qq 
TTrrCCACCACTTAATTCACAACCACCACrrrTTCCCTGATCCArrrCCC C; : . : . LUl I CCCATAATCT L Ui 1 L; ILOlt m CGACTCCCTCTCCGACC 

19-»KAAEl.SLAAEKATS- 
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««3_tACSU 



H J4 




" ' * ^ ' ' - " " - ' « ^ * « V r . V . a « V , , , , . , , , 
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g«pl03 



(SEQ ID NO: 1) . "•«■•■>« - « v ^ „ ^ ^ ^ 

" ' ' ^ " = ' * " ^ * ^ = >• " V » » 0 V r I , f 0 N K L L L V X V , 



C U L 1 M i ACACATTTTTATAACATCrr A 
T R V E E H V 
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(SEQ ID NO: 5 ) • 
(SEQ ID NO: 6) 



(SEQ ID. NO: 4) 



' MKRTMRNSrVTHLMTPrHIlS 



^Ac^.w t iATXxrrcTAAoocnTAccATCccAJUUTrocccjiTACoaccsscxcTCCTTC^ i n n m xcccTccJiccrox 

^ ^ * HxITSr^T^S^T^"" g^9M «»***gC^TX CAACAA C SXAAAAA . 00 

CCXACATTACrTTrACCACACACTCrrcrCTTACCTTAT ^..^;.:^; i KaUfcCIITATAnz^gTATJLegrjLCTCPP r.L" . . ^ ^r ^rAgftCATfLC 

53 ''''''**^"VSDKC:OTfllMEItTLHMLH10CCEWPVS: 85 

« TT&AAAAAc^. CCC7A. , . w . - . c5CA7^cTccs ^u;^^ : tJ^l aACTAs ^^. >u*^4 iL:L. ccTATAse*eCT*Tj^rrTgT^rrffW!pqmc 

■*^-''"5^C-SLARAAEr:CEMT)CTDI VDIHMCCPV 119 



*w . . > > AwwAL . ; ^ . . . , C3AC^7C3ATACACC&AC^^Tgr:TAacAr^gT^tT^JLSATCAGa.T^^r^A^ 
"° •''*'^* "'^»'EACAMHLltDP0KiySi:»KV0SVLOIP 



COO 
153 



TC**TCACAC ACCCATK:CCCXrCCCCCTC(XrrAC*CACCCT=A?CTT7TACCGCACCCACCACTCCCA^ 

15) - '^*"*'»TCW*DFs;,xVEHAl.AAEAA0V5ALAHH 1«5 

CCCCCATC^»>CTTtrrTTACATAT5ACCa:TCCCTCTCCAACTCrSCC^ 
ISSGRTPEONKTCHADLETLYItVAOALTKIPriAMGD J19 



"° ^«*KCRItEVCADAVMIClAAHGHPYLFN 

* *AJTTCCTAATCAAALi i 1 1 ACCATCCACTAAACTGCAAA Cl I ' vIUI ICTACTTCTACCCCATCCrrCTCAACrrTCCTAACrJUTrC 

3$J OlKHTrtTCtlLPOLTrCDItMKJAYlMtKIlLlM 



:s3 

lOOO 
29% 



. > « w, t w« m *'CACCCTCAA C CACTrAACCOSCag;Af W QAG C >CTCATACAOCaCCrrCTACACCCaUl U«U i 1 iUA OCgtCCTCOaTAAACCC 
ati:,ItCtllVAVREr»CLAPHYt»CTSC*AltU»OAIE0 



llOD 

11* 



TTCWTwwt w^CATCgrCTCTXACTTCCCCACAACCTTAA LL I S 1 1 LLl^ TTXTe^JiMrmasrzr^m^ez^^^'^^ 
»30 *«TLAEttAttOLEIlA* 



1300 
33( 



1 
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9CplI2: 



(SEQ ID NO I 9) 

XTCATCTAAAACTTTAaXi^AAAACTC=ATC^AACAI^TCACTCEyTCTATT^^ 

CACTCCTACT AATTACCTCAATA f: * a n a > TTCTiATfTrr^tTTmA?^-r*-mrTArjAAAATttrrTAy^/^^ 
AAAAGTCACCCACCAAATTTCrTArTCACCATCTCCrCCTCTAACAATCCTATTCTTTrAACTarm 



4:: 



(SEQ ID NO: 7) 



; ^=^y*^t>T AAAACCAACAA 7TCrA7rr^^ . . 1 1 1 1 1 L . i joo 

ACTCCAATACACAGCTATrcTATTTTCCrTCrrAACATACAACCCACTATATCCTXAACACC^ 

AACTT.-AAAACAC7AAAACTATrGACATAATATTSAarrrrACACrArrrrATCCCCATACTTA<a^^ 

(iCOTA^.CTTAATTCwAw . ZZZTTXZZZMMT ^ . , . . : i 1 AA7CACAAACATCCTCCTCCACA U I 1 1 LL^L> I CrATACATAACACTCTAXTCAA 

;SryClCTLvrVPCAUKCIDl YCOITS 4I 

" ' y.iTl^^^SE^^^ too 

CATAAT^iwt.w>TCAAACAA C. « w^. > . > AATCACrTCaiS I iU. . w. - CACAriTAAACCTTAACACCCTACAACATCATAAATArrACTTACgCCTCC 



:«»NFVEAK;,LKVNKKSItfIlXVPSC 



I V H r c c c ti 



GACT^, . '*CTACgrCCACCTAA7AC7ATTCS7CSACCrCAACTTCT;CC7CAATCAACTACTTCCCCA LK . 1 . J AAA C CACGAeCTCCTATACTTrrA 
^***''*-»*^CKCLCrit7DLUH0ALKKrAPACYfK 114 

T*I~TTHHI££^ET*TTg^Tg^ 99**gC**** TArrACACACCTAACTTACAA joOO 
A . *c^AA«»CCTTCATAACC7TACCrrrC775CTTT7ATAATCrrCTCCATTCAATGW 

••^'^'"'•'<*''OtPliTTIIAICLOrOTRKrKKOVKACL 141 

A. ATAww. 4 * **^*CACTCATAAATCATCTCAACTTTCTCAC06ACCATCrrCT AI 1 LL U lUiCT TCACTAACCJ^TTAIXBWiTCqTCrrJUIJOAMtt 
M» ^*OII»IIYLVEfcRDCl.VODItITOVXA««LASl.tT Itl 

AATAM*wiCT»AnCTTACTOCCTACT C.Cl 1 1 ICA ACATCCACAC C CA T aATAATACCAOCCICCCCC LAH lALlUCC CT OlLU UlCTCTAfctAilTJU 
1" ^"«''>tOt«RVLCVI(TlHV»»AtKTO0V0IIX 2i4 

wAATCTTTCOCOCTCCAATTAAATTCACrTAACCATTTTCTCAACC^ 
axSVTWtOtlltTOtVKtLVKOFPlVVTVAVIITirTAKT 241 

**WTt*<rr^AT»TACCAH . i Iwi^iwtw^AATACACCCLCLlILTLlLATAAlIl ILl ILLAeATeAeTTAATAtrTTa^x^fnrrft Tft^Fm^n CTT P?^ 
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° ^ " ' ' ' ^ ^ " ^ ^ » ^ * V K * . „ V o « c o » . : „ , , , / 

^ ' " ^ ^ = " « ^ - - - ^ V , . « _ , , _ .TTTTT 



:so: COTCATTTCCTACCC 
CCACTAAACCATCCG 



A^U^.».CTCATACCATACWCCCCXACCTTCTCAACTAClTrTTGAAAT 
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iU iHU. li; TTCr CS A G SAAA. : ^UUUUfcTAAATACAATCST77AAACaiAS7T7AATC^ »»CATCACCGA U t LLl^TAA*CTTTAACTC 

(SEQ ID NO: 12) 

I C ' ^^':?^'^r^^*rT* grJtTTy?AA^MTCTrrrATft B ftT CGfiA A/i tyS A V L ftffC CCATCCAC*ArJlTrrTATrAATA CAACA TC^ 3 00 

AAASTCrSSTACATgCTA LL: : . * . ACACAATATTXTTA Li t^*w^ i cSCXrrACCTgrrCrAAAATAATTATCTrCTACrACTCCASTAACCACrr 

, MHKIULIEDOOVIRCIS 

(SEQ ID NOnO) 

2C 1 CACATXtK»AAAATCCTrTCTCAATC<KK^TTTTIAAC^^ 

CTCTAACCCTTTTACCyUSJU^CTTACCCCTAAAirrTCACCACCACaiTC^^ 

UOISKKLSEWCrXVVLVCOFHCVLSLrVOSEFHLV 49 

301 TfCTCATCGATA l iOUl i lU 1 . i ><^rcaTTxraKC7mcTCMaM7CC0^ «>o 

ACCACTACCTATAACCAAACCCCA* ClUkftTTACCAATACTC^tCCACAgrCCTTTAOCCgTTCTAAACgnrCaTCCATACT 
SO LHDICI.PLrMCYH«COtX»KIS*^*'^*''^***=' " 

♦ 31 CCXtKCTXTSCATATTCTOlTCCCAATCAATATCCXKWaKSATCACrrTTO 50" 
GCTCCCATACCTATAACACTACCCTTAerrTATACCCrroCCrACTCAAACACICtrXTCW^A^ 

8) OAKDIVMATHMCADDrvTXPrOOOVLLXKVOCL ilS 

501 rrSCCTCTrrCTTr.raCTTTCCCCCTCATCACXCTTTCeTC^ 

AACCCACCAAGt^TACTOUykCCCCCACTACTCTCXWkCtUCCrrATACC*^ 

lliLRRSYtrCRDESLLEYACVlLKTKSMDLHyOCOV 149 

tOl TCTTCAATTTSACCJUUyUiTCSAATTCCACATTTTACCCtrrtrrTATTr^ 

XCAACTTAAX LlU^l .L. 1 ACrrAAOeTCTAAAATCCCCACAATAAACTCCTA LUtLLUi i ltt TACCATCCTCCACTCCTCCACTACCCCCTTCAAACCrr 

ISO LIILTK>#ErC:LRVl.rtHACWIVA»DDLH»tLIIH 1»2 

to: cactca l exTrcA7CATAATACcrTC?;TSTCA AiGiu.LiLui : ia ccTAAAAAcrr ta»QG^cyscaAT TCCTyauTTT loo 

CTCACTCAAAAACTAACTACTATTATOCCACACACASTTACACCCACMJUU^CATTTTTCAAC^ i LL 1 Ol I CCCl AACCATCCTAAATAC* w . C 
183 SDrriDOHr:,SVNVARLIllCKLEtOCLVCrirTK 21S 

BO I AAAayaT*CCSTACCCATTCJUiCC>T=CTTSATTJ»UUlCAArrrTTT™^ •"O 
: . ! ;,L: . ATCCCATCCCTAACTTCCTACCmCTAAC ^ . . > AAAAAACATCCCATACACCCCACOCCATCACCAOAAAAA T ACATA" 



ai( KCXCYCLKNA 



23« 



»01 CCA U;L.,UiLii ACrrrTTCACrrrTTTA7TTCCCACTCTAGSAATTr^ ^0°° 
COTAAA&AACAtMVATCACAAACTCAAAAATAAACCCTCACATCCTTAAAT CAACCACATCM * ^ fcT.fc >fIAAr*rAArf; > A > r fcTTCCTACAATAA>AACT 
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(SEQ IB NO: 14) . 
(SEQ ID NO: 15) 

(SEQ ID NO: 13) l ltDTCTTNTr*:LGItKAOKATrvrDrrKCTL*TL 



(SEQ ID NO: 15) a * ; : l « lac l i j i u« : . u : L. aAJu:cccTA*juiTcaiTrcT77ctuccATACCC7TC C i>A* c * cr xjicTauAAj m i u ^ ^ . j uc cxTCtrrTccsAC 



131 rrrccCATTX i : : : ; cxtctacaagc ;. ^ . : : l u* i ca . » * u lu a l i u i u*l i u atcccccata ll * : llh at l i : : u caccxtttaaacctc j o o 

GAAOCCTAATAAAAACTACATCTTCCCrAAAfiAGCArtAgTACAAACCraUUU^CCCACAATACC^ 

)*LP11 rHLOCVSPLirCLLAVXCRTrpiFACFKCC ft 

7 0 I CTAACCCTCTCCCAACOCT &CICC ACTCA I I > ILUU A l I IU OgeeTA H.i ILlUlL^Ll A LLUt. CCATTA IL! ILi X lUJ krTCTCATA iH XU*C AC > 0 0 
CATTCeCXCACCU; IU#]CACCAecrgXC7AAAACCCTAAACCCry;>TJUa»AC>CACIir.>TCGAACCCTAATI>nfcM;> AACC^ 

«» KAVATSACVirCPAPJPCLYLAXirrOLSYLCS 100 

301 TATCATrrCACrCTCTAffTCTCACACCAT CCATCCCGCCTCnTA } 4 « 
ATACTAAACTCACACATCACACTCTCCTACCrACCCCCCACAAT 

101 H I S L S S V T A S I A A V 114 
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(SEQ IP NO: 17) : x:t^!±iTr=^^ 

(SEQ ID NO: 16)* '•«SIlCl.MALSy«Cl»VtKlirFXLTCTYV 35 

ACroCCCACACAACCTCGCrTCXCTaATACCJUTOaCTTtyun-a^ 
" ^■^^•^"'fDlfCYrilSVDTILSFrtPrATYCVTHT « 



CCCAAATTCCCCATACTCATTACAC7TCC7A : 1 1 l CTAaAArro7Cr7CCAAAACATC>C»AAAAATJ 



ITTTCtCCATCCcrTtrrACCATTTTCACC 300 
TAAACACCTAC CC AACATCCrAAAXCrCC 

" °^**'S"VRO»IItI[DL»IlTrSSLrTLClACTrLT >5 

TCACGACACATATACCATCWUTAaiACACAAGAAAT(»CrATTACCTTACCACTT^ "° 
" ^ * ^ ^ ^ * ^ f f T D M P I V K r V Y L V N C X 0 L t A 0 I r 

TTTSiTSS^rgggTE^T^^^ ^^^^^ ^cA C" u ouuuctcc 4So 

AAACTTACCTTACCCACTTACTTCeUCACrrrTTAATCTCAAAGACAAAATCTT^^ 

^ ' E V M E A I N , s r s r T K - ki 
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9tpisi; 



SEQ ID NO: 20) * ^^S^THi^^lS!^'^^^''^'^^''^ loo 
SEQ ID NO: 21) °*=*^*^***^'^^™^^*^«^t«'=*tacattactaju^txcctctt^ 

CCCXCATCCCTACCTCTAAtrrrTTTTCAAAATTCCOTraiaw^ ' ° " 

SEQ ID NO: 19 )i "OiORSFKcospycuLyLVATPicMiDDiiT jo 

AAACCXCGATAGCn-CTGC^ACTTTCrTCXCCTSACCTAXCCACCXCTCCT 

'■**^0'^L«EVOWIAA lDTRHTCLLUKHrOlSTKO C4 

. ™CTCAXAACTACTCCTSnTACCrrTCr7rrrrTAA0C»CTAAACTAACCXAACAAC^ 
" **^**«^»»*KtK:PDL3GrtKAC0SlXOVSDACL >■) 

C«yiTCCTAAACTCTOXy^CCACTACTAAATCJ^TTCCCTCCATAACTCCTTCTTTAAroT 
^«»5'>>*CHC:. VKAAIEEEIAVVTVPCTSACI$A IJO 

AACTAACCCTCACCAAATCCCCCTCTCarrCrrATA(WUUiTCCCAAAAAATCCC^^ 
inLlASCUAPCPHrrYCFLPllKSCOOKOrrcSKKDY 1(« 

TACCAw t i « i w 1 CTAAAAAATACrTACrCCACTACCACAT Ci: I CILI U CAACCrrrtXTACXXTrTTCJLCXTCrCM.rrrJinzxfiry'^ 
1*5 ^^CTOirYESPHRVAOTLEHMLEVyCDRSVVLVIl 1»7 

wCTTAACTC^* * 4 *^TACTTCrTATCCrrT7rTCCATCTTAAACACTTAAaiA LL 11 1 LU l ACACAgrrTGCaCAg^CTrrrAr^^i^^q^i^aj^CTAA 
198 tl.tEIYCEYORCT:SELLES:SETSLKCECLLI 330 

CAACTTCCACCCTanTTCCA^CCTC l.L" ACTCCTTCTCAAaUUJUTCTTTACOTTCPCCCATA UU 1 LliM Cm iA L U L ; 1 ] 1 1 ACTTCCAT 

"*''^*'**««=V^^»'OtEDLrLEI0ARIO0GHICKHOAX 3C4 

AATTwCrrTATreATTCTAAATOTCACrrTATTrTCACrrCACATCCGACOOATOCTCCTG^ 

"f^AKXTfOWNItSOLYAAYHDIIEEKO* 3»0 
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(SEQ ID NO: 23 ) i *«»<™ctta**aaaxg(^ . 
(SEQ ID N0:2A) ic 



(SEQ ID NO: 22 ) ^ 



AATTAAACTTTCCWLATCmAaiCaTATTATCTAAATACCrATT^ 



MOKKYEKX SQDLCVTLKOIDT 



200 
31 



201 CTTCTAACrrTCACX0CTG*AC0<»C3C»m 

CA*CATTCAXXCTCTCCACrTCCCCCCTCyiTA«^ 

"VLSLTXECATIPFIARYHKOMTCSLDEVAIKAI i 



300 
5S 



ATACAATCAACTCCrrTTTAATCCTCTCaLXCTTrrTCACATACAA^ 
" * ^ ^ ^ ^ »^ ^ * D ^' E E L Y L P Y K E K R R T K A T 1 A R E A C L 



AAAWiABAACGAOCAAACTAAAACCTCrrATA * ^CTCUATCTCrrrC^ 



123 F P L A R 



L 0 N 



^*EAEKFVCECFATGXEAL 



SOD 
155 



601 CaarrCCACTTCATATTTTCCTCCAACCCTTATCCCAAGATCTCACCr^ TrCTATCACTTATCACcUACTCCrraUSjicAr-r 

CCCCACCTC*ACTATAAAACCACC7TCC»AATACCCTrCTA(UCra^ 

=*^OI-VEALSEDVTLRSKTY0EVLRHSKLTS0 



700 
111 



* ° ^ S - » ^ « 0 V F 0 : Y y D F S E T V C T M O C Y « T L A L 



soo 

321 



AOtA. 1 ^GAACCACAGAACTTCrACCCAAAACTrCTACCCTSCCTCCCATAACAACGaAA<M^ 



222 NBCEKI,CVtK:CFEHAT2 



1.AFFATRFKVKHAY 



900 
2S5 



= " ' " " « 0 = " ■< « « V ^ ' * ■ t R R I , T E L T t K » E C O A ». 
=«'•'*''"'■»''-'•- ^ * C « V V L 0 F D P A F . T O A 321 

" * " ^ ° * ^ = " " ■• ^ ^ 0 " = ^ ' V K F A s A R 0 I E r* K K O ,SS 
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-ISSSJSSSSSSIiS^^ ..,0 

t « « . » I S . . . , L 0 D , L » t 1. V X , 0 , K S I C » 8 0 » 0 » .„ 

" " ' « - ' •• ' ' » >• » ' V V » T V , , 0 V 0 V K V , T » , , » , .„ 




P C 5 S H 



LOHTCVHVt 
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(SEQ ID NO: 26) , TjuMcc«An« 

(SEQ ID no: 27) ^^SSS^Jt^SHSISSSS?!^^ 

(SEQ ID no: 25) . r c . . V s , , V . « V « . . . . , T77^^TT^^^^TT^T 

»»I«I1SI.CCAVI»»TII11„., _ 



400 



133 



--•**«-«l.*W«iACCTTOC»CAATTCCTAC 
' " " ^ ' ' ^ ^ ^ « = ^ - " ^ ^ « ^ V * T . . , T . r W . . V . D . X., 



SOX _ 

STI 

i*» r X c E V c c 

X7S 
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(SEQ ID NO: 28) » 



iCTOGATAATJUUMCT 



300 



" '^*OVLtAltTAT»ITI»llHHC«ITDSO*tIt»VYtri 77 



400 



:>» « t T V o t i A I c « » I D r , 1 - , 0 t , » I , , ^ , , ^ ^ ^ J, ^ ,„ 

= = * H V T 0 - , 0 » 0 L T «, t 177 

w . » . i.^AAW..JWU«<^ . , 4 ACCA . . CACCATCATACCCATACTAACTCCACCAAATCCACAATTATOCTCT 

- "^C^CDHXTC-rOVMCM-ytAYDSCALAVHTT 310 



2:; V G c r y K r K c I ¥ V K 
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mo 



(SEQ ID NO: 32) . 

(SEQ ID NO: 33) * ^»^"J2?SSi?Sl?i?SIi;i[SS?^^ 

(SEQ ID no: 31) : "» ^ ^ ^ ^ ^ ^ ^ 7TT7T77T „ 

301 TTCTJUAGJUacTCTXCJUCATTTCC- ^-r- g-r-... ,, , , 

^ ' ^ » r ^ L . r ,,,,,,,,, ^ , ^ ^ ^ ^ ^ 
° ^ * * ^ - ^ ^ ..«.,, V w ... 

" ' * " ' ' ' " ^ ^ • • ^ » ' > » • V - ^ * V , , , V 0 r o . . „. 




— --^^ss^ssis?^ .... 
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(SEQ ID HO: 34) i **'^^^'^^^^^^^'^^r^ c aKCAXAAccx;:tArxj^ 

' " ' ' * ' • ' « ^ « ' « » » ' V V t T « T . » . V r V . .. 
« - V , T 0 , . , » . 0 S V T » . . , , , , , , , , ^ , , ^ ^ ^ ^ • 



» e r I : V K 



ATTcceaacecTc^. on(.TTwcccgTTctacTCTgTt»-rrTnxr;:i;r;S^S!S^^ „o 

-**KACAIK0IILHCVC ail 

»« : » 0 e . . » : V 0 e L A I , , - , «sTt*auiceBT*nnL. .l. lui rrABT*c»«, 

J»' » T O 1 L « * . *****'***=*^^*e*GAACTTTC*TCCMTCCCACCAI^^ 



lOO 
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(SEQ ID NO: 38 ) 
(SEQ ID KO: 39) 



CCTTafcTATOCTOWTAAJUTACOCrrmaiT 



J^^TC^'UUUUuurttxn'AauTAiufiCJuuuscrrAenwk 



(SEQ ID NO- 37) 

^ '■«»JCritKtItCL$»ECLlLLC3a 

" **'-*^'<-''lfl.rVVVtCL7IlSLIfTC0HKixt SS 

" ''''■'T''f'-«»ositi««rritiLofvi,s»vi ij, 

'•" VXKr»t»fL$,»»OVl.MOI»IlA 1st 

»$• I V T F f H ► » r r e . : c c r c • « I » r » L r T T T K L « « t K „, 

?^siss?sss=eS?ssii=n ... 

"= " ' " ' * = ' " " = i. » ' T 0 1. . T A F P . I , * o A I I Y a» 

' ' ' ' « " • « * ' - >• s « 6 V r A I c I s r L r t . 8 I 8 V « »s 

»i F. e t I » , , „ c I « , $ , . D A 0 » A L r R 0 I. F F « a t C f t T 
». T V V A V , 6 , F 0 . A U F . , 0 S C , . , t L . - c . . . . A L 
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(SEP ID NO: An : iiSSig?iiST™?SSSr;?^^™"^ 

(SEQ ID NO: 42) • -^^^^^^^ccaAcccATciACTTMcrArrrTaiTAcaacTxcm 
{SEQ ID NO: 40) : 

M 1 



xTTcciarr AT too 

TAACOTOUITA 



»VKEKTKLvr»tVAtAStSAII«tSCSVtviAVI 34 




©"•"VKOVlotVDYrHJlLOS Ul 



C . CATTTCCA . CCT AXU J j CA=7KCTCACTACrTCACAAAGaAACTTCATTTATAAACATTT-^ ^ * 

^ - * ° ' • C » * t> » V r « c r t 0 V H I s It t r 5 ,c H c F s iJ4 

**^°=<=^^=**-<^JTOircrATTCTAACTTATAC»ACCyUU 



gTUW^. , ,,iCTAAAAC7TCCCCCCCSrrCTAAATtrrTTCTCTT7AA C IT CrC: I iUlUA ACCTTrATACOaAAATCTCITOalcCCCro^ 

^ ^ * ■ ' * * * C C L 0 » t X 0 E K 0 : ? N H P L t H T C C H Y 2D0 
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(SEQ ID no: 43) : r , ^ v /.^ „ 



lACT 3O0 

rex 



* ^ ' ' " ^ ' " ^ - ' = ' « ' V t r , T , . , o , K V . / ! * *" „, 



90 : 
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(SEQ ID NO: 47) i ouTorerre-eauic-— r ~— 
(SEQ ID NO: 48) '^"^''»*o^ecT7^^^!^^^^i^il^^ 

(SEQ ID NO: 46) » -5it»aacc»(.. . u»ut i»cc**cAee*Aci»CTie ' 

M M , 

" ' ' ' ' ' ' ^ " ° ' " ' ' ^ ^ « ^ » ■> » A r t T C O 0 , T , V 0 », 



^ ' * ' ' " ^ " * = ^ = ' " 0 ' » ^ = ' ^ ' « ' « . r * . c u . 

"° ' ' • * ' ' • ' ^ * ^ * <' • ' 0 » 0 0 « = . c , , . , o , , / , , „, 

)4S 
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(SEP ID HO: 51) ''"^^'^^^^^^^^^^^J^^SHSSSIiiSJ^ISIii?^ lo. 

" r t » T » K , X V « A g , 0 , J „ , , 

.3, , - ^ . , ~x->c=ik:ccttt*o»c*ctttt*ccici iu.4Lc«cTccTTca«tau«otT** 

* ' " ' ^ ' ' ' ^ = " " • ^ « ' <= ^ * ' — • . ^ » 0 . . . o . „0 
■ ' ' " " " ^ ' ^ * ' ^ • " ' « • ^ • V . c H . , o » . . . , , , „ ,„ 

' 9 e t » T I U D A T A t I t B « T , t r I t T 0 » , » « , , , V ,„ 
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»»WT»CCrAA»Cl(;i>> :U«CJUUtCTrrAATPUKJUTXC7tKn*CCCTCT*CCCATri>)>aQfcC^^ * * "** 

i** TfTfCrDt«t»Arc:S»ODOAT»VUSCl»LHKLrK }«( 

1 « 0 1 XT C»CC\»C TTTC>TCgTg»'TOUlTCTCTC»TCJUUlCrTTA 1 4 « 1 
TACTQOTTCJUU^ACCACTACTTACACACTACTTTaJUUT 

JI-TMTNPDBOtSVMKL lf9 
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(SEQ ID NO: 54) *ccrTAcccciATTCTT7TcrTAAcr7TT* ui il, . , . luiu ^TrcrgrSn^II Sg^ 
(SEQ ID NO: 52) i 



100 

I 



ff™**g^^*g*gyy' *^^ 1 i U, 1 UCm TOfcCCJlTOTJUa oClliUlL i f A Tf ^..^^> ^^ ^ ^ 

3 *««»Vl»«pxoLOt»ltrcriDDVlfVt»TOKCL 



909 
U 



TTcerTce»c^TAA«:xeTTAA T j tfi ^ cc * ca *TTccaiCTccc^ 

ACCTTTWCeCt i IL'lUXACfcCTCTCTAACTCWeTACrCJUTTACJk mi UL. 1111 luui A fl ^ l u 1 1 i 1 1 
«» 0T»'«*O»'»IIOr»DtirY0irtDIE»Ai«lfDOVr 101 



A* . . . . CTAA . 1 i L U i UiA*ACTTCCAT ACCCCTAA U* i t i i LUACTTCCACGAATAAIITCCTCCC 



TACaW CfcCJUC TCCTTTAC 
ATCCTCACTCTTC&CCAAATO 



101 IKXKrTrt«lCIPEAtlAytAOA«AOTlt«Vvy 



500 
1J4 



CTCTTtrrACTTCCTTCrCMCCTTrrrAATCCATXATAGAAATCTCTAT^ 



tcaaccatcccccctctctattcttSaccc^^ 

1*» - ^''TOWKLAALHSAV-SOCTflYVFlCVEVDl 

*CST-AACTTT0AATAWWCATAOrrATTCrrrrTATATCC»CTC^ 
aOJ 'tOTYFilMMtKICOrtllTLtlVDEGASVHYVC 



IOC 
301 

•00 

3)4 



« .ACXTCTCCTXXrrTCTATAACTTajTTATCCAATOrCCCACO^ 
2»CCT»rTY.«»StHAAIVtirALDOAYH«YTTI0H 



•00 

act 



TC»CCAC»CT»TTCC*CATATn»ACCATTtmTCCC*CCATTCa»<mT^ 
a« - « O " V Y « t V T K . A K A 0 , D * T V « » 1 0 O » t C A E T T )0I 

AY»Cr7T4T*CQTAOACWTC»»ACTArCTCT7CCTC»CCCACefcTOT i UlULT TCTCTacSiroA 

""^'''^^-O^tCAlCTIILtlAPAllAOOEODTCA »4 

TTCYACTAAOtCTTACCMOTOYATCCTCittCCW^TJUU^CW^ 

E « , » « A P » Y • , , , V , E , t A E C 0 O .C V O Y « e 0 V T r H )<• 



' ^ * t'i U >.LLAC3lTTCAATCTaAYACeATTATeATmTgfcg^TTT Df] 
TCTTCTTtUCATTCTTTWACAAA«anWYAACTTACACTA7OT 

M» *t»SKKIVtHlCCDYttMDDL )■• 
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(SBQ 10 NO; 56) i Accr ocx»T frATc»ccfcACTXTccTATCTT M J> OMfM M r iii> (iiuMiAiL i A APTOT : . : 

(Sni ID HO: 57) T°°*°^**^^*'™^Tj«c*Ti«uATTTcr^^ »o 

(SEQ ID NO: 55) 1 ^OITIOVSTLKroaSVttTiTlllVOTtTATLtL ,1 



ww.^TAACAt^w^i^^w^T r ftA Ort WCAA T OAgAWTAAaACfcCTTAaAACATArAAAIXTOTTAA Ui^ 
34OA:vcXAS*|.tI.rTlV|lttTPt0ri«OXlIEiXs 



200 
•7 



0TCtUAATOCTAAAAAALAlll.IUIfcCeAeT«^TXTxge^TtaaTT*Axr^^ 

*=***''^TKAOY«VtOrAirVFCASt.riL«f»ot 



100 
100 



JOl CCrqAl iUiCHUCTCACrrTATTA UiL; I IH ACCTACTCCmnTTTCACgCmJ 
CCACTAAC m K a C CA C TCAAATAAT O CAAACA T CaATCACCTOUUACTCCgAAAl 



'ACCOT CAAOCCCAaiUUmiUiT er COICt I I T C rATCACAATTATO 
ATACIOTTJUTAC 



101 VlCtLTLLVrLA«AVLTLriOAOKI»llVt«TlN 



400 
1>1 



* * *"!^** ^T AOCATOTTCAACTAAACAATATATCTAAAW 

I ULtl 1 1 lATCCTACrAACrrCATTTCrTATATAaATTTTTTAAACCTTCOCCACTCCATAAA 

i» « c r . 
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(SEQ IB KO: 58) ^ 



00 

" T T C 4 



5 ^ifcrrrTTitrprTiHB.TfiiittctittKixK „ 

>o»rTfrirKLAAtsToiwTATtrtujrix»rt»cr ,i 

^ATTTiHnniC WCCTCTAT7T CC:: ^^^CrAAAWTTCTCrTiOAATACCATATTCfcTJUCOITTgrT^^ . I : : ! * i;;^;); 

* » *• * » « ' ^ » ' I- « > r T o 1 s 1 A II M A t r r I a , r r » 104 



AATATATCCTATCUTAAAC*AAAATAOCAATCAATCATAATcSS^^ 

^ ' * ^ ^ ' ' <- » ^ T » « » r » • r I « » • « , t V r t r T r L 



' * ' * ^ ' " ' ^ « ° " « i J C L L P t r 0 Y H V M , » p , ^ t J 



AAATAACIMAATCTAATGATACATACTATTAAOCTAACICX<>TAAAAGACAACTATCTr^ 

lfWtTLLSJ::FLTVrSVB»»«tBv- j„ 
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(SEQ ID HO: 62) : fc Ofy.»» c x»a»w TTTt mc ' . , i lu^ i d ^mhXTmACTmvxTXTAmkaTtM^ — • 

(SEQ ID HO: 63) '==^™^^^^^^**«TCCAAXAoc*CT*TArrATcrrc»^ 

(SEQ ID HO: 61) ^ "ifcvtoiiTario „ 

TTACrrTTTrCAA Al i ULl . lUi i 1 lA ATCCCRCCCJUUUTaaaiUMTAATAOCCJUtfrrATCCrJUOBTCCW 

**«'«T»KXTV«rTA> tStOTI*01l(L»AtH|.E 44 

CTC*C(»TTACTCT*C*TO»OTWJUSWyTTCTX^ 

TUk^T » > AATATCrrAACTCTAAATGCATACAACCACTACTaUUUUrrC Ai LLi i 11 i U CACaATTOB*aAaTCTAAAACCrrBAAi^ 7TTYr77lS 

'ItTrTYVHOIfLllKilVLTfOXLttVKtTt llj 

AAAAAACTOCCCCTCATCAACTATTACCCAAACTAOWaWAATAAACTTTW 
11* '«»AVVO|lcrorALrKlIKICOLtASLAAO»l0Ot 

Iini?IinSi£iIiii5i!^^^*** ^ iU. . . 1 1 lU TCATCAAdmrTTOUlTTOQAATATACTOTTrACO ^ 1 1 iAUC T U AAACT COO 

AAAAATAAAACCTOATTTCTTAACCTATTTAACAAAAAACTACTACrroCACAAaTTAACCTTATAT^^ 

^*'' ^*f*»««EtOltLrFIIOfllL0L£ySDLl»IlLACT 17f 
C^*w. * *CAAOAATAACA*CAAAC O TTC7TAAAAATCPCTTACTACCTTATCTAAJ>0»,MAAOaA T CCACTA^ " 

i«Po$SYScpotrLAiio»xorrrLcor»ivtxoi»vL au 

ATCTTACTA AA C OCAAATrTCCAC C U i . LL I CTAaunTCCJUWTO^TAACACTTOaAATAACATTATACQAA i.1 ll 1 1 l i A T^/^py ft m^Ll 1 i I ll oi 

;i« K*'^c'"C«itcDvitvo»co>tSHii.otONviit»v a4« 

• O: COACAATC^rTTTCOAATTAC^ 

.CCWTTAOTAAAACCTTAATCCAATACTAATGCCAACATrrATACCACTACrCCTTCT 

3iOAH««LrTIIV«l«*CLAYTISSrLOLPtOrLl»tA 313 

CACCATACTTACCTCTTTTACCATrCCTCCCACCATTTTACrACTTATTAC^^ 

*^»"»^»*«>»0*»K»*»»li»*OI.tDLItKO YrTirit»o >4i 

CItiUi lLL;UAC r AAOr>* rr ^C r >ACAA T CAAAOA0rTCTATTACTTACAACTAAgrAACTTCe^^ 
347 •««"»»»'«LLLS0O»«»lLIXiAYOIIAl.rCKSS 37* 

CCTCTOAAATTrrCAACCTAACCTTTCaAACTTCTTTAACnOTCTACOATAAA^ 
J« A 0 r it , « , * .t L . O 3 O K D A X C II V A » » V R I 0 A f Y r H . . 413 



wo 99/33871 



PCT/US98/27918 



- 25 - 



41« C t I • 



417 
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(SEQ ID no: 64) , - V , o . V , V r » . , » t » V , . , . , , , . , , 

» 0 I T t - « t B K 0 8 . r V r » I , , , c , , » » 0 , , , ^ , B g „ 

TT»OTCTCc»rnaoaTTOTTATrTTTrraii»cc«TC3T»c«s^ «»• 
" »''«oviie«THrvi6».riiiioo«oi.»»,,,T, 

*" ?!^V^l^S^'l't!S]S!^^ ... 

. 1 o » . „ . , V 0 . « I . I K » 0 « D , r , , T , , 0 L T I 0 . t „e 

"1 »«''■<'»««"»**» V t , t s t L T T T 0 • K c t T 0 m 

»« - = • • « » V , . , » 0 r » 6 $ r K , c 0 I 0 s L f « , , » , , ,„ 

' * • » " » » ' " e 0 O « O » K t K t 1 » f , « , o K » H t * I T ») 

" c « 0 r V t , , , T , r c , » , 0 . . * . 6 » . V , , » , « , 0 ». 

: A K 5 V T « V L It • 

J71 
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(SEQ ID NO: 69) «CrrTTTATi^TACXTATTCTTt«^AT*TrT*CX?i^^ IOC 

CATAOATCCATTATXCTTCrrTTTrrAfifcATCCCfcCIW^ »0» 
(SEQ ID NO: 67 )l MKRKXLIkSLt.ltTVM¥SOVAVLTTAaACT at 

TCACtACTOTTT T AA CC ft Ca fc C rrCTATTATTTrJUTCATTW l ALlLUiUl lUl iUI lUlLLUil Hi iUl r OUtfTCTTTA SlCCTtSllu SA 
J0TDDKlAA0D|IKI»IILTAO00lA0«OVO0X0»OVt «} 

(TOlATA*CTTCaACrCGTCA£»TTa**CCTTCC»CTTTTACTATCTJUkTC^ 
*• *«0**0»»'».0*«»DmtOAttItItfc»0«ITtt»E» tc 

uiMi-AMOMiM* «M* tAGCUww. . . * »u» 1 1U4 1 lAtUIU.UUlTTCAiaXATATJWTTATlOTAAaiTTTWaTTTT*OT 

•-^ >Vi»|lo«LEKOA»» AgTltOAVTtYI»TlV»««t IJ, 

nO:TEAXIlVAAHIt|VSfc»»iHtIOOIlADItK*I«t Iti 

< 0 1 >A » MC W TA CCAAA TAfcTCATCCTATCAATACTCTXATTCCTAATOU^CfcJ^ 

" ■ 'C*TCCTrr»TTACTAa;A7»C7TATCXCATTAACqATTA U> iL > A 1 i i AACCCACTACTACCAOTTCOTAACTCJIT 

IM "OVAWMDAIKTVIAHOOKLAODAOALTTIIOAKL 1»C 
IfTKAACLSLAAtXATS* 
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(SEQ ID KO: 71) x *TCTOATWcrmTTc*™~««^ . 

(SEQ ID HO: 70) J M t I * L L . . '"~*^°''^=°»*««»n=CTT*»ct»T*«occste5 

" * • ' ^ ^ 

- » o V ^ 



